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Dkpautment of thk I\tf:rior, 

I'xiTEi) States (TEOix)fJi('AL Survey, 

Wa^/ihi(/fofi. 7). r.. May '20, imi. 

Sir: I havo the honor to tninsinit herewith a manuscript by Josoph Paxs ... 
hidings entitlcMl "Chemical composition of igneous rocks expressed by means (»i 
diagrams, with reference to rock classification on a quantitative chemico-minenil- 
ogical basis," and to recommend that it ])e published as a Professional PaptM*. 

The significjince of a large lunnber of chemical analyses of igneous roc»ks, 
with their many variable elements, each having a great mnge, is somewhat diffi- 
cult of comprehension to all geologists and petrographers who liavc not devoted 
much time to their study. Mr. Iddings presents a method of expressing the 
most significant factors in eac^h analysis by a simple diagram, and b}' grouping 
these individual diagrams on a certain principle he has succeeded in representing 
the great variation in composition and the chemical relationships of almost the 
entire range of igneous rocks in a way that is comprehensible at a glance. Tlie 
facts thus brought out are discussed l)y him in their bearing on petrographi** 
system. As a successful attempt at the elucidation of a complex problem the 
pai)er is of importance to all students of igneous rocks. 

Very respectfully. 

Whitman Cross, 

(reoltHftHt in Char(fi\ Secfltm of Peirol4xjy, 
Hon. Charles D. Walcott, 

Director United St at en CrHtlnglail Survey, 
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CHEMICAL COMPOSITION OF IGNEOUS ROCKS EXPEESSED BY MEANS 

OF DIAGRAMS, WITH REFERENCE TO ROCK CLASSIFICATION 

ON A QUANTITATIVE CHEMICO-MINERALOGIOAL BASIS. 



By Joseph Paxson Iddings. 



TXTRODITCTIOK. 

The value of graphical methods for expressing relative quantities has been 
well established in all kinds of statistical exposition and discussion. Their use in 
conveying definite' conceptions of relative quantities of chemical and mineral com- 
ponents of rocks is becoming more and more frequent, and the value of the 
results in some cases can not be overestimated. This is especially true when a 
series or group of rocks is l)eing considered. The intricate variations in the 
amounts of numerous minenil components, or of chemical components, baffle most 
attempts to comprehend their interrelationships by simple contemplation or by 
study of the numbers in which they may l)e expressed. Many facts and relations 
are overlooked which are readily observed when diagrams are used to represent 
numerical figures. Moreover, visual memory is sufliciently developed in most 
persons to enable them to carry in mind simple geometrical forms, w^here it does 
not permit them to recollect manifold assemblages of oft- repeated numbers. 
Mental impressions of simple diagmms are, therefore, more definite and lasting 
and enable the student to store up a much greater amount of quantitative data 
than he could otherwise acquire. 

P>idence of the appreciation of this fact by petrographers is found in the 
increasing use of diagrams in petrogmphical litemture, and a brief sketch of 
the growth and ela])oitition of graphical methods for presenting quantitative 
petrographical datii will sei*ve as an appropriate introduction to the subject in 
hand. From this notice will be excluded those diagrams which serve to connect 
the names of rocks in series after the manner of expressing genealogical relation- 
ships, in which diagrams the space relationships are not strictly quantitative. 
Such diagrams have ]K>en used by (reorge H. Williams, H. O. Lang, and other 
petrographers. 
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Anipng the oarliost diagrams employed to represent relative quantities of 
rock ^eoQsiftituents are those used by Reyer in 1877." They are more or less 
•Jfcfjibmllzed expressions, in one instance of the varying proportions of the chief 
bXide components in rocks and meteorites; in another of the varying amounts of 
the conmioner rock-making minerals capable of being developed in rock magmas 
with different silica content. The diagrams used are rectangles sulnlivided by cui-ved 
lines corresponding to the variations mentioned. Other diagrams express the 
variations of different kinds of rocks with respect to silica; the relation l)etween 
s|)ecilic gravity, silica percentage, and texture of mineralogically similar rocks; 
and the relative abundance of rocks of different compositions and textures. 

Subsequently in his work, Theoretische Geologic,'' he reprodu(^es two of 
these diagrams and introduces others showing the proportions of chemical 
com|X)nents in two series of minerals (feldspars and pyroxenes) and others 
showing the proportions of the chief minerals in three kinds of rocks. One 
diagram consists of adjacent, long, narrow rectangles, each divided into 
recttmgular parts proportionate to the percentages of the oxide constituents in 
certain kinds of roi'ks, from granite to gabbro, and in five types of meteoriU^s. 

tludd,'' in his l)ook on Volcanoes, in 1881, makes use of a diagram to 
represent the varying amounts of chemical elements in rocks and meteorites. It 
is similar in form to one used by Reyer, already descril)ed. 

In 1890 the author'' constructed diagi-ams to exhibit the variation in chemical 
composition of rocks forming geologically related groujxs or series. In these 
diagrams the quantitative data represent sj>ecitic analyses of different rocks in 
each series. The oxide constituents of each rock are referreil to rectangular 
cooixlinates, the silica l)eing plotted as abscissas, and the other oxides — alumina, 
ferric and ferrous iron, magnesia, lime, soda, and potash— being plotted as 
ordinates. Straight lines conneciting successive lo<n of any one oxide, as those of 
alumina, indicate the variations in the amount of each constituent in the roi*k 
series. This is the chief feature brought out by these diagrams, the range and 
charactt^r of the variations being shown. 

Similar diagrams have been used by Dakyus and Teall*" to illustrate the 
chemical variations in the plutonic rocks of Garabal Hills and Meall Braec 



•I Reyer, £., Beitn^ but Fyaik der KrapUonen. Vienna. 1877. 

f» Reyer, £., Theoretische Qeologie. Stuttgart. 1888. 

•• Judd. J. W., Volcanoes, New York. 1881. p. 822. fig. 88. 

•Uddingt, J. P.. The mineral composition and geological oconrrence of certain igneous rook<< in the Yellowstone 
Nati<mal Park: Bull. PhUoa. Soc. Washington, toL 11, January, 1890, pp. 207 and '211; also in Twelfth Ann. RepL T. S. Geol. 
Survey, 1892, pp. &» and W»; Mon. l*. S. Geol. Survey, vol. 32, pt. 2, pp. 119 and 136: Origin (»f ignc«^us n^cks. Bull. Phllo^. 
s«H\ WashiugUm. vol. 13, June, 1892, and in Jour. Geol., vol. 1, 1898, p. 173. 

r Dakyns, J. R., and Teall. J. J. U.. Quart. Jour. Geol. Soc. I>mdon. vol. 48. 1892, p. 110. 
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Scotland; by Washington to express the chemical variation in the volcanic rocks 
of ^T^]gina and Methana, Grecian Archipelago," and in the rocks of Magnet Cove, 
Arkansas;* and by Cross'' to show the chemical composition of the rocks of the 
Rosita Volcano, Colorado. 

Harker'^ has employed the same form of diagram, but has used atomic ratios 
of the chemical elements instead of the oxides, to show the variations in the rocks 
of Carrock Fell, England. Subsequently he modified it slightly by using percent- 
ages of the oxide components instead of their molecular proportions to discuss 
the possibility of distinguishing igneous rock series from mixed igneous rocks.' 

Loewinson-Lessing-^ has also made use of this method of exhibiting the 
variability of chemical composition in eruptive rocks, illusti*ating the great 
divergence in the composition of rocks classed under one name in the qualitative 
system and also the differences in composition of avei*age magmas. 

In 1900 Pirsson^ pointed out the possibility of relating the variations in the 
chemiciil composition of rocks of one geological Ixxiy to their position in that 
body by introducing their spai'e relations into this form of diagram. He accx)m- 
plished it by letting the abscissas represent distances in the rock lx)dy between 
the various rocks analyzed. By this modification of the diagram just described, 
he showed that the variations in chemical composition in such cases follow very 
regular laws, and with one or two elements determined in a variety of the I'ock 
the remainder may be found by means of the diagram. 

Similar diagrams have since been used ])V Washington in discussing the 
differentiation in the rocks of Magnet Cove.''' 

Pirsson has also used a somewhat similar diagram to represent the variations 
in mineral composition of rocks of Yogo Peak, Little Belt Mountains, Montana.* 

In 1896 Beckev represented the chemical composition of igneous rocks by 
diagrams of two kinds, constructed in a manner different from that of those just 
described. The first is a modification of a three-coordinate diagram for three 
variables, whose sum is a constant, based upon an equilateral triangle. The 
three factors chosen are Ca, Na, K. The zero ix)int of the coordinate axis is 
the center of the triangle. From this point three axes run to the corners of 
the triangle, one for each of the elements, Ca, Na, K. The spot within the 



<i Washington, H. S., Jour. Geol., vol. 3, 1895, j.. 160. 
»» Washington, H. S., Bull. Geol. Soc. America, vol. 11, 1900, p. 404. 
cCroas, W., Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, p. 324. 
rf Barker, A., Quart. Jour. Geol. Soc. London, vol. 61, 1895. p. 146. 
t Harker, A., Jour. Geol., vol. 8, 1900, pp. 389-399. 

/ Loewinson-Leasing, F., Compte rendu Congr^s Q6ol. International, Seventh Me«Rioii,St. PeteralxuirK, 1899, PIb. I, II, 
and III. 

g PIrsBon, L. V., Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 569 et 8eq. 

/i Washington, H. S.. Bull. Geol. Soc. America, vol. 11, 1900, p. 651. 

'Op. cit.,p. 568. 

./Becke, F., Mln. Pet. MItth., vol. 16, 1897. p. 31.V320. 
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triangle determined 1)}^ the values of Ca, Na, K, in a given rook analysis is the 
loeas of the analysis {An^fi/sen^*t). The various positions of these spots indicate 
the relative amounts of the elements named in the rocks compared. The other 
chemical elements in the rocks are represented on a second diagram supposed to 
stand at right angles to the plane of the first. It is drawn with rectangular 

coordinates, the abcissas being proportional to the mtio /^-^ xr , t^ , and the 

ordinates representing the valuas of Si, Al, Fe, Mg. Each of these elements is 
located by a spot in the diagram. 

In January, 1897, Michel L^vy'* devised diagrams to exhibit certain chemico- 
mineralogical characters of igneous rocks, a single diagram representing an indi- 
vidual rock. The component oxides are tii*st distributed into two groups, those 
that may combine with AljO, to form feldspars and those that may not. All 
the AljOj is set aside for feldspars, and to it is allotted K^O, Na^O, and 
sufficient CaO to satisfy it. An excess of CaO is placed with iron and mag- 
nesia. Silica may \ye introduced into the diagram or omitted, and in a sub- 
sequent publication* in the same year is expressed only in numl>ers stating the 
percentage. Rectangular coordinates are used and the values of the components 
are laid off on two axes intersecting at the zer.o point. Below this point is 
plotted the percentage of potash, and also that of iron oxide. To the right of 
the zero point is plotted the percentage of soda which may combine with alumina. 
In this direction, also, may be plotted the percentage of silicii. Al)ove the zero 
point is plotted the lime which ma}" combine with alumina, and also the percent- 
age of magnesia. If there is more lime than will satisfy the alumina remaining 
after potash and soda have been satisfied, this lime is plotted to the left of the 
zero point. Triangles are constructed b}^ connecting the end of the potash line 
with that of the soda line, and the soda with feldspathic lime. Magnesia is con- 
nected with nonfeldspathic lime, and this with iron. Two triangles to the right 
of the y axis give an indication of the feldspathic constituents of the rock. The 
other two triangles to the left of the y axis represent the nonaluminous constit- 
uents. Modifications of the diagrams enter when there is an excess of alumina 
over alkalies and lime, and again when alumina is less than the alkalies. 

Michel L^vy in the publication last cited also employs diagmms showing 
curves of variation for the percentages of the chemical components when subdi- 
vided in the manner just described. 

These triangular diagrams have been used by Lacroix in describing the basic 
rocks accompanying the Iherzolites and ophites of the Pyrenees,^ and also in his 



flL6vy, A. Michel, Bull. Serv. Carte g<k)l. France, vol. 9, No. 57, 1897, p. 38 and Pla. VII. VIII. 

b L6vy, A. Michel. Bull. Soc. «r6ol. France, 8d seriea, vol. 25, 1897, Pl«. X to XV. 

<• Lacroix, A., Compte rendu Congrte Gtol. International. Eighth seflsion, Paris. 1901, Part II, pp. 834, 835. 
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work on the alkaline rocks of the petrographical province of Anipaaindava, 
Madagascar/' 

In Ma}', 1897, Brogger* presented a modification of the individual diagrams 
devised by Michel L^vy. This was done in illustrating the chemical composition 
of the group of rocks associated with the laurdalite of the Christiania region. 
Br5gger's diagrams are composed of four coordinates in a plane intersecting in 
a common zero point. One is horizontal, another veitical, and the other two 
inclined, one OO^ to the right, the other 60^ to the left of the vertical axis. On 
these axes are plotted the molecular proportions of the chief oxide components 
of a rock. On the upper vertical axis are plotted the molecules of CaO, on the 
lower vertical axis the AljOg. On the horizontal axis right and left is plotted 
the SiOj, half and half. On the upper right inclined axis is plotted MgO; on the 
upper left one, the FeO + FcgOj, indicated separately. On the lower right inclined 
axis is plotted KjO, and on the lower left one NajO. The extremities of adjacent 
axes are connected by' lines. These diagrams show at a glance the relative pro- 
portions of the molecules of the oxide constituents of each rock. The amount of 
CaO capable of being combined with AljO,, not combined with K,0 and Na,0, 
can be readily found by measuring the lengths of the several axes. The intro- 
du(;tion of the silica and alumina adds to the instructiveness of this form of 
diagram. 

Diagrams of this type have ))een employed by Hobbs** to express the aver- 
age composition of groups of rocks classed together under various divisions of 
the qualitative system in general use at the present time. In these diagrams the 
inclined axes stand at 45"^ to the vertical axis. 

Hackman^ has made use of both the Becke and the BrOgger diagiums to 
express chemical relations among the rocks associated with ijolite in Kuusamp, 
Finland. 

Rosenbusch^ uses narrow rectangular diagrams to express the relative propor- 
tions of the chemical elements {Metallatame) in two series of 26 rocks; one, a 
foyaite-theralite series, the other a granitodiorite and gabbro-pcridotite series. 

In February, 1898, the author-^ in an essay on rock classification, and later 
in another essay, made use of diagrams exhibiting the variations of rock analyses 
with reference to percentage of silica and alkali-silica i*atio. These are con- 
structed by using the silica percentages as abscissas, the zero point being to the 



« Lacnjix, A., Nouv. Arch. Museum Hist. Nat., 4th serieK, I, Paris, 1902, p. 180 ct seq. 

h Brogger, W. C, Die Eraptivgesteine de« Kristianiagebietes. III. Vldenskabssclskabets Schrifter. I. Math.-Naturv. 
Kl. 1897. No. 6. Christiania, 1898. 

<^Hobb0, W. H., Jour. Gool., vol. 8, 1900. pp. 1-31. 
rf Hackman, V., Bull. Com. Geol. Flnlandc, vol. 11, Helidngfore, 1900. 
rRoflcnbusch, H., piemen tedcrGesteinslehre. Stuttgart, 1896. 
/ Iddings, J. P., Jour. Gcol., vol. 6. 1896, pp. 92-111, 21»-237. 
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right of the diagram, and 100 to the left. The ordinates represent the ratios 
obtained b}' dividing the sum of the molecular proportions of the alkalies, K,0 
and NajO, by that of silica. The locus of each analysis is indicated by a round 
spot or by figures of other shapes. 

In the same year, 1898, Michel Levy" presented a new mode of coordination 
of diagrams to represent rock magmas, based in a measure on those just published 
by the author, to some features of which Michel L^.vy took exception. Thes(» 
diagrams by Michel L<?vy give the loci of rock analyses referred to two coordi- 
nates in the plane of drawing, and also to a third axis projected on the same plane. 
The abscissas (.r) represent the silica percentag(»s in the "white components'" 
(elements blancs) of the rocks compared. The ordinates (j/) represent the sum 
of the percentages of KgO, Na,0, and the CaO which may enter feldspar com- 
bined with AljO,. The third coordinates {2) represent the percentages of MgO, 
FeO, FegOg, CaO, and SiOj in the ferromagnesian components of the rocks. The 
loci of the analyses are fixed by the rectangular coordinates x and y. Their 
relation to the axis z is indicated by their position with reference to diagonal 
lines representing the projected traces of certain planes with an inclined plane 
through z. 

The usefulness of this diagram, which appears when the compositions of 
restricted groups of rocks are illustrated, is seriously impaired b}'^ repeated over- 
lapping when many kinds of rocks are taken into account. The method imdertakes 
to distribute the analyses with respect to the relative abundance of the white 
(leucocratic) components — quartz and feldspathic minerals — and the dark (melano- 
crntic) ferromagnesian components in the first instance, and also with respect to 
the silica content of the leucocratic components. 

It is clear that rocks containing various amounts of nephelite, leucite, and 
anorthite molecules with closely similar percentages of silica will be mingled 
together in the same part of the diagram, and that rocks with preponderant 
ferromagnesian minerals, since they are plotted wholly on a basis of characters 
belonging to the subordinate feldspathic niinomls, will be indiscriminately mingled 
in one portion of the diagram. 

In 1899 Loewinson-Lessing,'^ in his studies of eruptive rocks, an abstract of 
which was presented, without diagrams, to th(» International Geological Congress 
at St. Petersburg in 1897, makes use of two fonns of diagrams, one after the 
method of the author, already alluded to, and another based on the method of 
relative rectangular areas used by Rover. The diagram represents the various 
mole(*.ular proportions of the chemical components of a rock, or may represent 
the average of a group of rocks. It is a rectangular area divided by horizontal 



n L^^vy, A. Michel. Bull. Soc. g6ol. Franco. 3d HericH, vol. 26, 1896, P\». UI to Vi. b Loc cit. 
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lines into .spaces whose vertical dimensions correspond to the proportions of SiO, 
ll^Oj, KO, and RjO in each case. These rectangles are subdivided by vertical 
lines into spaces whose horizontal dimensions correspond to the proportions of 
A1,0, and Fe^O, in R^O,, of FeO, CaO, and MgO in RO, and of K,0 and Na,0 
in R,0. 

In 190() Miigge'' devised a form of diagi*am to express the proportions of 
the chemical components of rocks, based upon some features of Michel Levy's 
and Br6gger's diagrams. Sevei'al moditications of the diagram were suggested 
by Mugge. It will be sufficient to describe the form used b}- him to illusti'ate 
the composition of a number of selected rocks. The relative quantities of the 
oxide components, expressed molecularly, are plotted on four coordinate axes in 
one plane intersecting in a zero point and making equal angles with one another. 
One is vertical, one horizontal, and two inclined at 45^. The silica is represented 
by an octagonal area, constructed by plotting one-eighth of the total silica plus 
and minus on each axis. The other components are plotted outride this area on 
particular axes by adding their values to the silica already plotted. KjO is 
plotted on the upper left inclined axis, Na^O on the upper right one, MgO on 
the lower left inclined axis, CaO on the lower right one. FeO is plotted on the 
lower vertical axis, followed by FcjOj in the same direction. Al^O, is divided 
into three parts, when sufficient, the first, equal molecularly to KjO, is plotted 
t:) the left on the horizontal axis. A second, equal to the NajO is plotted 
upward on the vertical axis, and the remainder of the Al,Oj is plotted to the 
right on the horizontal axis. When there is less Al^O, than KjO + Na,0, enough 
FcjOj is added to AlgOj upward on the vertical axis to equal Na^O. In this 
manner the relative amounts of potash- alumina molecules, soda-alumina molecules, 
and lime-alumina molecules are indicated. 

In 1900 and 1901 Osann'^ made use of several types of diagrams to illusti-atc 
chemical characteristics of igneous rocks in his essay on a chemical classificatioi: 
of igneous rocks. 

One is a triangular diagram somewhat similar to that used by Becke, exhib- 
iting the distribution of anal^'ses with respect to three coordinate axes making 
equal angles with one another. The three chemical factors of rocks employed in 
their comparison are chemi co-mine ralogical to some extent. One factor (A) con- 
sists of the sum of the i)ercentages of K,0 and Na,0 which may be combined 
with AljOs in equal molecular amount. A second factor (C) represents the per- 
centage of CaO which may be combined with AljOj in equal molecular amount. 
The third factor (F) represents the sum of the percentages of the remaining CaO, 



a MOgge, O., Neues Jahrb. Mln., Geol. und Pal., 1900, voL 1, pp. 100-112, Pis. V-VII. 
ftOsann, A., Mln. Pet. Mitth., vol. 19, 1900, Pis. IV-VUI, XXV; vol. 20, 1901, Pis. Vm-XTV. 
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MgO, FeO. The sum of these i.s as^sunied to be a constant, and their relative 
proportions are determined on a basis of :li) units. With these three variables 
the position of a rock analysis within the equilateral triangle is located. 

A second form of diagram expresses the variation in silica and alkalinity in 
certain rocks by means of lines connecting loci of analyses referred to two rec- 
tangular coordinates, the abscissas corresponding to the alkalinity, and the ordi- 
nates to the silica percentage. Another diagmm of the same type exhibits the 
variability of different kinds of rock with respect to the relative proportions of 
soda and potash. 

A third form of diagram is composed of narrow rectangles, whose lengths 
correspond to the mnge of variation in silica ratios for different kinds of rocks. 
The rectangles are placed by the side of one another, with their longer diameters 
adjusted to one ordinate representing values of silica ratios. 

In 1J)02 Keid" used an equilateml triangle whose sides are divided into 1(K) 
parts, as a basis on Tvhich to plot the oxide components of igneous rocks. 

PiniP08K OF THE DIAGRAMS. 

A study of the various diagrams that have l)een employed by petrographers 
shows that their value depends upon the readiness with which their significanc-e 
ma}' be grasped and the use that is made of them. The first condition varies 
directly as the simplicity of the method of construction, both as to geometrical 
form and as to the factors on wliich they an» based. The simpler the form of the 
diagram and the more charact<?ristic its shajx?, the more definite the visual 
impression and the stronger the hold on the mind. It is also self-evident that 
the simpler the factors entering into it the better. The quantitative values of 
single ro(^k components are simpler conceptions than intricate ratios and functions 
involving several different rock components. Moreover, a diagram is comparatively 
worthless unless it can be made to convey some definite impression not otherwise 
obtainable, or obtainable onl}^ with difficulty. Its emplo^^ment should have some 
specific object. It is hopc^.d that the diagrams presented in this paper will justify 
themselves and will produce certain definite impressions on the minds of petrogra- 
phers who may study them. 

The author's first purpose in constructing the acirompanying diagrams is to 
express in the simplest graphical manner the chief chemical composition of all 
kinds of igneous rocks in a form that will permit the student to compare them 
at a glance and obtain a comprehensive view of the whole range of differences. 

The diagrams are intended to exhibit the manifold character of the variations 
of the chemical components of rocks, and their extent. They are to show the 



a Koid, J. A., Bull. Dcpt. Geol. Uulv. CaliXoniia, vul. 3, 1WK2, p. 18. 
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gradual character of the variations; the transitions from rocks of one composition 
to those of another; and the distribution of the rocks throughout the range of 
their variations. 

The}' are to demonstrate the absence of clusters of analyses in definite parts 
of the whole system and the absence of ''natural" subdivisions of rocks on a 
basis of chemical composition. 

They are to show the possibility of continuous series of rocks with diverse 
compositions, and to illustrate the chemical identity of rocks belonging to different 
genetic families. 

Finally the diagrams exhibit the character of the quantitative classification of 
igneous rocks proposed by Cross, Iddings, Pirsson, and Washington, the range 
of composition of the five classes, as well as of the orders, rangs, and subrangs. 

COl^STKUCTIOX OF THE DIAGRAMS. 

As will be seen by looking at the plates, the diagrams are combinations of 
two kinds already in use. They consist of assemblages of individual rock diagrams, 
which are modifications of those devised b\' Michel IaWx and BrOgger, the indi- 
vidual diagrams being arranged in a nmltiple diagram previously used by the 
author. The first are used to exhibit the chief chemical components of each 
rock taken into consideration; the second, to arrange these in an orderly manner 
for comparison with one another. 

The small, individual diagrams are modified forms of those by BrOgger. They 
are planned to exhibit the relative amounts of the chief oxide components of 
igneous rocks, namely: SiOg, AljO,, FcjOj+FeO, MgO, CaO, NajO, K,0, and 
also TiOj. Other components are usually -so slight that they are negligible in 
diagrams of such small scale. Owing tb the fact that the small diagrams are 
arranged in the large diagram according to the silica, it is not necessary for the 
purposes of this paper to introduce SiO, into the construction of the individual 
diagram. The relative amount of SiO, is expressed by the position of the small 
diagram in the large one. This simplifies the small diagram. 

The chemical components of rocks may be compared with one another as 
oxides of metals or as metals. As oxides, the form in which they are expressed 
in chemical analyses of rocks, they may be compared by means of percentage 
weights or of mole<;ular proportions. As metals they would be compared by 
molecular or atomic proportions. 

The use of oxides instead of metal elements is the more convenient method 
of comparison. It bears a more obvious and direct relation to the rock analysis 
and requires less effort to apply. It is as valuable in the discussion of chemico- 
niineralogical relationships as th«^ use of metal elements. It has, therefore, been 
adopted in constructing these diagrams. 
14474— No. 18—03 2 
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1 

The value of basing the comparisons upon molecular proportions instead of 
percentage weights rests upon the fact that the chemical equivalency of the com- 
ponents is molecular or atomic, and that in this form they may be readily con- 
verted into mineral molecules for purposes of discussion and rock classification. 

For purposes of comparison in diagrams of this type it is not necessary to 
reduce the original analysis to a sum of exactly 100. So far as the sniall indi- 
vidual diagrams are concerned the amount of change produced in the lengths of 
the lines would not be appreciable. Further, all elementary lines in one diagram 
would be affected in like proportion and the shape of the figure would remain 
unchanged, even could the alteration in the length of the lines be made visible. 
It would affect to a variable degree the position of the small diagrams within 
the large one in the direction of the silica abscissa, which will be discussed later. 

The small, individual diagrams are constructed to exhibit the molecular 
proportions of the component oxides: Al^O,, FcgOj+FeO, MgO, CaO, Na,0, K,0, 
and TiO,. These are derived directly from the rock analysis by dividing the 
percentage weight of each oxide by its molecular weight. There is no further 
reduction. They are used in the proportions in which they are found in the rock, 
the assumption being that equal weights of different rocks are being compared. 

Following BrOgger's method, the several values of these oxides are plotted 
on coordinate axes in one place, intersecting at a common zero point. But the 
arrangement is different. For convenience in drawing on square-ruled paper 
the axes chosen are vertical, horizontal, and two at 45^ to these. The simple, 
approximate relation between the sides and hypothenusc of a 45^ triangle, namely, 
that when the hypothenuse is 10 units the sides are 7 units each (more exactly 
7.071) allows the values to be readily plotted by assuming the diagonal of each 
square of the ruled paper to be 5 and the side 3i. With larger diagrams and 
more exact requirements more accurate methods of plotting may be employed. 

Since the small diagrams are to be compared by means of the multiple one, 
the position of the BrOgger diagrams is inverted to conform more closely to the 
manner of constructing the large diagram. In the multiple diagram the more 
alkalic, and consequently more alkali-feldspathic, members of the series of rocks 
compared occur in the upper part; the less alkalic, and more ferromagnesian, in 
the lower part. So the alumina and alkalies are placed in the upper part of the 
individual diagrams, the iron and magnesia in the lower, ^he mode of construc- 
tion is as follows: Al,Oj is plotted upward on the vertical axis; K^O upward to 
the left on one inclined axis; Na,0 upward to the right on the other inclined 
axis; CaO is plotted downward on the vertical axis; MgO downward to the 
right; FeO+2Fe,05 downward to the left; and TiO,, when present in appreciable 
amount, is plotted to the left on the horizontal axis. The end of the Al^O, 
ordinate is connected by lines with the ends of the K,0 and Na,0 ordinates, 
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producing two triangles having a common nide — ttie Al^O, ordinate — and one 
angle the same in each — 15°. Consequently the areas of the two triangles are 
proportional to the lengths of the K2O and Na^O ordinates. The relative impres- 
sions produced by these two triangles, colored green and yellow in the diagrams, 
are quantitatively the same as the relations between the molecular proportions of 
K,0 and Na,0 in the rock. 

The end of the CaO ordinate is connected with the ends of the MgO and 
FeO+SFcjOj ordinate, making two triangles, colored blue and red in the diagrams, 
whose areas bear the same proportion to one another as the ratio between the 
molecules of MgO and the iron converted to FeO. 

When TiOj is represented, the end of its ordinate is connected with that of 
the FeO ordinate. 

The FeO and FcjO, are combined chiefly for simplicity, and the Fe^O, is 
re-duced to FeO because there is then a more unifonn basis of comparison and a 
means of avoiding the analytical defecrts or errors in the determination of the 
two oxides of iron. The combination prevents a proper conception of the 
possibilities of mineral molecular combination so far as the iron is concerned, 
but this is beyond the adaptability of the diagrams in a strict sense. 

It is evident that diagrams constructed on the molecular proportions of 
the oxide components of rocks may be easily converted into others, based on the 
proportions of the metal elements, by doubling the lengths of the three upper 
ordinates, AljO,, KjO, Na,0. The upper half of eatrh diagram would be double 
its former size, while the angular shape of the whole would remain the same. 

The nmltiple diagram, b}' which the small individual ones are arranged for 
comparison and study, is constructed in the manner already described in the 
article on rock classification previously cited. It is intended to exhibit the dis- 
tribution or variation of igneous rock analyses with respect to the silica and 
alkalies. The reasons for choosing these two factors are: First, the important r61e 
played by silica, the most abundant chemical component, and that which is domi- 
nant in the development of quartz, orthoclase, albite, leucite, or nephelite, ortho- 
rhombic pyroxene or olivine; second, the equally important r61e played by the 
alkalies in conditioning the character of the feldspathic muieral components of 
rocks, which are the prepondemnt ones in the great majority of cases; third, 
the fact that the other chemical components — lime, magnesia, and iron oxide — 
sustain to a considemble extent a reciprocal relation to those just mentioned. 
The greater thi» silica the less the content in lime, magnesia, and iron oxide. 
The same is true in general for the alkalies and these oxides. 

One of the chief purposes of the diagram is to distribute the rocks in an 
orderly manner, so that unlike rocks shall be separated from one another as 
widely as possible and gi*adations between the extremes shall be made evident. 
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The silica is made the abscissa because it is the greater component and has 
the widest range. It is plotted in percentages instead of molecular proportions 
because the process is simpler, and as it is not brought into immediate quantita- 
tive relations to the linear elements of the individual diagrams there is no occasion 
for its quantitative linear comparison with them. Moreover, the large diagram 
could not be constructed on the same scale of units as the individual diagi'ams. 
It is therefore simpler and more convenient to use the percentage of silica given 
in the analyses. 

The vertical ordinates represent the ratio between the sum of the molecular 

proportions of the alkalies (K,0 + Na,0) and of the silica - ^^gj^^^^ . This 

ratio was selected because of the relation between the development of the alkali- 
feldspathic minerals in highly feldspathic rocks and the ratio between the alkalies 
and silica in their magmas; the more siliceous ones yielding more orthoclase or 
albite, the less siliceous ones more leucite or nephelite. It is not a definite 
relationship in rocks generally, and, as Michel L^vy has pointed out, the 
character of the diagram would not have been altered materially had the vertical 
ordinates been made to correspond directly to the sum of the alkalies. In this 
case the curved lines which represent the loci of pure quartz-albite-nephelite 
rocks and quartz-orthoclase-leucite rocks would be straight lines instead of 
hyperbolas, as in the diagrams here used. There would be a slightly diflferent 
vertical spacing of the analyses on individual diagrams. They would be spread 
more on the left side of the ordinate of 60 per cent SiO„ and condensed more 
on the right of it. The multiple diagrams would be more simply constructed. 
Otherwise the results would be alike. 

With diagrams constructed by using ratios between two or more rock 
components it matters not whether the analyses discussed b}" it are reduced to 
anhydrous compounds, or whether their summation is exactly 100. The ratio 
between the alkalies and silica is not affected by readjusting the analysis. The 
ordinate of an analysis so located is not changed by readjusting the percentages 
in the analysis, but the abscissa would be affected by changing the silica 
percentage. The position of an analysis would be shifted horizontally to the left 
or right according as the percentage of silica is raised or lowered. 

The zero point of each individual diagram is located in the multiple diagram 
by reference to the silica percentage and the alkali-silica ratio of the analysis 
it represents. In some instances several individual diagrams belong so close 
together that they would overlap, so as to prevent their shapes from being easily 
seen. One or more of them is moved to the nearest available space in the 
multiple diagram. From this it happens that the distribution of the analyses in 
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the large diagram is not strictly correct in the more crowded portions of it. 

A more exact representation of the distribution is given in another form of 

multiple diagrams on a smaller scale, in which round spots take the place of 
the individual diagrams. 

ROCK ANAIiYSBS USED IN CONSTRUCTING DIAGRAMS. 

Having described the methods by which the diagrams are constructed, a 
more important matter to be considered is the data to be used — the rock analyses 
to be compared by them. 

Analyses have been selected from all sources available, but not all analyses. 
It is important that they be correctly made and from good material. These 
conditions, however, can not always be recognized or known without careful 
study of the publications in which the analyses appear, and not always then. 
The collection is not above criticism in this respect. However, care was exer- 
cised to omit obviously defective analyses, as well as those from plainly declared 
altered rocks, except in cases where the altered form may be assumed to corre- 
spond approximately to the fresh rock, with the addition of water of hydration. 
For the strongly ferromagnesian rocks such analyses have been taken sometimes 
in default of better. 

The analyses represent as many varieties of igneous rocks as could be found, 
with as wide a range as possible. Man^^ analyses closely similar to those intro- 
duced into the large diagrams have been omitted because there was not space 
for them. Consequently the diagrams do not show the proper proportions between 
the commoner and rarer varieties of rocks. This can be shown by plotting the 
loci of all acceptable analyses by means of spots in a multiple diagram of fairly 
large scale. This has been done in constructing the diagram on PI. VIII, which is 
composed of 2,000 analyses. 

It was thought unnecessary to reprint the analyses themselves, for the reason 
that nearly all of them will be found in the collection of rock analyses made by 
Dr. Henry S. Washington and published by the United States Geological Survey,** 
and a large part of them also in Bulletin of the United States Geological Survey 
No. 168. Many of them will be found in Rosenbusch's Elemente der Gesteinslehre. 
So that these collections should be used in connection with the diagrams. For this 
reason reference is given in many cases to these publications, and to others 
where numerous analyses are assembled, instead of to the original sources, as 
the more convenient method of finding them. 

A list of the analyses used in the diagrams is given. Their positions on 
the diagrams may be found by means of the silica percentage and alkali-silica 

a Chemical analyset of igneous rockn fn^m 1884 to 1900: Prof. Paper U. 8. Oeol. Suzrey No. 14. 
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ratio, which are stated in each case, besides the position given them when placed 
differently. 

They are classified according to the quantitative classification, and the author 
wishes to express his thanks to Dr. Washington for the labor he has bestowed 
on the conoiparison of the list with his collection and for the correction of errors 
that appeared in the list. He is indebted to him also for valuable additions to it. 

The list is far from complete, and petrographers may add to it and to the 
diagmms data which should have been included. But it seems as though enough 
has been introduced to accomplish the purpose for which the diagrams were 
prepared. 

In order to shorten the references in the lists, a number of abbreviations 
are used which are given alphabetically. 

ABBREVIATIONS EMPLOYED IN BIBLIOGRAPHIC REFERENCES. 

A. G American Geologint. Minneapolis. 

A. J. S American Journal of Science. New Haven. 

A. W. B Sitzungsberichte der Konig. PreusH. Akad. der Wiasensch. Berlin. 

A. W. W Sitzungsberichte der K. Akad. Wissensch. AVien. 

B. C. G. F Bulletin de la Commission g^ologique de Finlande. HelsingforB. 

B. G. 8, A Bulletin of the Geological Society of America. Rochester. 

B. M. A Bergens Museums Aarbog. 

Bull. 168 Bulletin of the U. S. Geological Sur\^ey. No. 168. Washington, 1900. 

C. G. I Congr^ g^ologique International, Coinpte Rendu, VII I session. Paris. 

E. K Die Eruptivgesteine des Kristianiagebietes, W. C, Brogger. Christiaiiia. I, 

1894; II, 1895; III, 1898. 
G. Untersuchung einiger Gesteinssuiten gesammelt in Celebes, von P. and F. 

Sarasin. C. Schmidt, Wiesbaden, 1901. 

G. F. S. F Geol. Foren. i Stockholm Forhandl. 

I. R. A The igneous rocks of Arkansas: vol. 2 of Ann. Rept. Geol. Surv. Arkansas. 

J. G ..The Journal of Geology. Chicago. 

O. N Recherches g^ologiques et p^trographiques sur TOural du Nord, Duparc 

et Pearce. Part I, Geneva, 1902. 
M. M Materiaux pour la Min^ralogie de Madagascar, A. Lacroix. Nouvelles 

Archives du Museum. 4th series, Vol. I. Paris, 1902. 

N. J Neues Jahrbuch f iir Mineralogie, Greologie, etc. 

Q. J. G. S Quarterly Journal of the Geological Society of London. 

Rosenbusch, Kl Rosenbusch. Eiemente der Gesteinslehre. Stuttgart, 1898. 

R. T Roth*s tables of rock analyses. Beitriige zur Petrographie der Pluton- 

ischen Gesteine. Berlin. 

S. M. Q School of Mines Quarterly. New York. 

T. M. P. M Tschermak's Min. u. Petr. Mitth. Vienna. 

AV. T Washington's tables of chemical analyses of igneous rocks from 1884 to 1900. 

Professional Paper U. S. Geological Survey, No. 14, Washington, 1903. 

Z. D. g. G Zeitschrift d. Deutschen geol. Gesellschaft. Berlin. 

Z. K Zeitschrift fur Krydtallographie. 

Z. P. G Zeitschrift fur Praktische Geologie. Berlin. 

Fortieth Par U. S. GeoL ExpL Fortieth PaialleL Washington. 



BOCK ANALYSES USED IN CON8TKDCTING DIAGRAMS. 



23 



CLASSIPIED LIST OF ANALTSES USED IH CONSTBTTCTIHa DIAGRAMS. 

CLASS I. PERSALANE. 

Order 3. Columbare. 

Rang 1. Alaskasb. 

SUBBANO 1. . 

(I. 3, 1, 1.) 



Silica 
con- 
tent. 


Alkall-dlica 
ratio. 


Author'8 name. 


Locality. 
Harz Mountains 


Reference. 


79.26 


0.067 


Porphyry 


R.T.,1861,7. 









SUBBANU 2. MAODEBUBOOSE. 
(I. 8, 1, 2.) 



79.76 
78.86 
76.10 
75.39 
74.40 



0.062 
.079 
.085 
.080 
.079 



j Quartz-porphyry . 
I Felflite-porphyry . 
I Granite 

RhyoUte 

Granite 



Blowing Rock, Watauga County, N. C. Bull. 168, 52.— W. T. 
Fichtelgehirge, Bavaria R. T., 1879, XX. 



Crystal Falls district, Mich. 

Silver Cliff, Colo 

Pikes Peak district, Colo. . . . 



Bull. 168, 66.— W. T. 
Bull. 168, 149.— W. T. 
Bull. 168, 142.— W. T. 



K3.08 
H2.80 
76.00 
75. 19 



SUBBANG 8. ALA8K08B. 
(I. 8, 1, 3.) 



80.24 


0.070 
.070 
.077 

.075 (77.6) 
.059 

.079 (.078) 
.080 
.080 

.081 (76. 8-. 082) 
.on (77.1) 
.078 

.on (76.6) 
.063 
.081 

.080 (75.7) 
.083 
.069 
.082 (73.0) 


Granite 


Wexford, Ireland 


R. T., 1861-2. 
Bull. 168, 58.-W. T. 
Bull. 168, 199.— W. T. 
N. J., 1883. II, 29.-W. T. 
Q. J. G. 8., 1899, LV, 467.-^ 
Bull. 168, 228.-W. T. 
Z. K., XVI, 77.— W. T. 
Bull. 168, 118.-W. T. 
Bull. 168, 142.— W. T. 
Bull. 168, 164.-W. T. 
Bull. 168, 118.— W. T. 
Z. K.. XVI, 77.-W. T. 
Trans. R. S. Vict.-W. T. 
Bull. 168, 229.— W. T. 
Bull. 168, 104.-W. T. 

Do. 
Bull. 168. 178.-W. T. 
Bull. 168, 150.- W.T. 




79.67 


Rhyolite 


Montgomery County, N.C 

Eldorado County, Cal 




77.68 


Granitite 




77.68 
77.59 


Quartz-porphyry 

Rhyolite 


Tryberg Fall, Black Forent 

Hauraki Goldfleld, New Zealand 

Tordrillo Mountains, Alaska , 

Kroftkollen, Norway 

Butte, Mont 


V. T. 


77.33 


Alaskite 




77.20 
77.06 


Quartz-porphyry 

Aplite 




77.03 


Granitite 


Pikes Peak district, Colo 




77.02 


Granite 


Platte Canyon, Colo 




76.87 


Aplite 


Butte Mont 




76.73 
76.10 


Aplitic granophyre. . . 

Muscovite-granite 

Tordrilllte 


Hennum, Norway 

Omeo, Victoria 




76.84 


Tordrillo Mountains, Alaska 

Obsidian Cliff, Yellowstone Park 

do 




75.52 


Obsidian 




74.70 


do 




74.24 


Rhyolite 


Plumas County, Cal 

Rosita, Colo 




73.11 


Pi tchstono 











Subbang 4. — 
(I. 8, 1, 4.) 



O.OM 
.019 
.067 
.076 (75.1) 



Spherulitic rock 

Perlite 

Granite 

Rhyolite 



Wales 

Monte Menonc 

Plumas County, Cal 

Madison Plateau, Yellowstone Park. . 



Teall, British Petrography,: 
R. T., 1869, XC. 
Bull 168, 187.— W. T. 
Bull. 168, 106.— W. T. 
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Clojutified liM of nnalynet^ iised in cotudructing dicup'anis — Continued. 

SUBRANG 6. WE8TPHA.L0SK. 

(I. 8, 1, 6.) 



Silica 
con- 
tent. 



Alkali-silica 
ratio. 



Author'B name. 



W.57 O.OHQ 
K).42 .059 
77.32 .081 (.083) 



Locality. 



Quartz-keratophyre . . Westphalia 

do I do 

Granite I Roddo, Sweden. 



Reference. 



N. J., 1893, VIII, 616.— W. T. 
N. J., 1893, VIII, 632.— W. T. 
W. T. 



Rang 2. Alhrachasb. 

SUBRANO 2. MlHALOSE. 
(I. 3, 2, 2.) 



78.15 
78.07 
?2.68 
70.59 



0.065 
.074 
.054 
.067 



Rhyolite. 

do... 

do... 

do... 



I 



Nagy-Mihaly, Hungary . 

Washoe, Nev 

Nagy-Mihaly, Hungary. . 
....do 



W.T. 

Bull. 168, 174.— W. T. 
W. T. 
Do. 



SUBRANQ 3. TEHAMOSS. 

(I. 3, 2, 8.) 



79.96 
77.84 
76.12 
75.89 
75.84 
76.21 
74.65 
74.41 
74.84 
73.62 
72.37 
72.15 
72.04 
72.01 
71.45 



I 



0.049 
.069 
.059 

.069 (75. S) 
.070 
.0?2 
.074 
.067 
.072 

.079 (73.7) 
.058 
.067 
.068 
.073 
.064 



Felaite-porphyry . 

Aplite 

Granitit€ 

Rhyolite 

do 

Granitite 

Rhyolite 

Granite 

Rhyolite 

do 

Granitite 

do 

do 

Quartz-porphyry 

Granitite 



I 



Bohemia 

Kirnechthal, Vosges 

Riesengebirge, Silesia 

Mount Sheridan, Yellowstone Park. 
Elephants Back, Yellowstone Park . 

Riesengebirge, Silesia 

Tehama County, Cal 

Riesengebirge, Silesia 

Butte district, Mont 

Tehama County, CJal 

Riesengebirge, Silesia 

do 

do 

Eureka, Nev 

Syke«>ille, Md 



R. T., 1884, XVIII. 
RoAenbusch. El., 207. 
N. J., 1898. XII, 233.— W. T. 
Bull. 168, 106.— W. T. 

Do. 
N. J.. 1898, XII, 233.— W. T. 
Bull. 168, 178.— W. T. 
N. J., 1898, XII, 238.— W. T. 
Bull. 168. 119.— W. T. 
Bull. 168, 178.— W. T. 
N. J., 1898. XII. 232.— W. T. 

Do. 

Do. 
U. S. Q. S., Mon. XX, 228. 
Bull. 168, 47.— W. T. 



SUBRANG 4. ALBBACHOSE. 

(I. 8, 2, 4.) 



78.75 


0.052 


77.85 


.052 


74.65 


.064 


74.18 


.077 


78.08 


.080 (72.9) 


72.89 


.066 



Granite 

do 

Granitite . . 
AUbachite. 
Rhyolite... 
Granitite . . 



Storgord, Finland 

Riesengebirge, Silesia . 
....do 



. ! Melibocus, Oden wald 

.! Waihi, Hauraki, New Zealand. 
. I Riesengebirge, Silesia 



R. T.. 1869. XL 

N. J., 1898, XII, 233.— W. T. 

Do. 
Rosenbusch, El., 207.— W. T. 
Q. J. G. S., 1899. LV, 467.— W. T. 
N. J., 1898, XII, 232.— W. T. 



8rBRA50 5. YUKONOSK. 
( I. 3, 2, 5.) 



74.79 0.067 



Tonalite-aplite Yukon River, Alaska. 



Bull. 168, 229.— W. T. 
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Classified lint of aivtlynen luu'.d in constructing diagrams — Continued. 

Rang 3. Rie8Bna»e. 

Sub RANG 2. . 

(I. 3, 3,2.) 



^rlin* Alkali-sillOA 

tent; I '^'^^'' 



72.11 i 0.041 



71.14 



.Of»5 
.062 



Author's name. 



Ix)cality. 



Reference. 



I 
Sohllere" in granite i Riescngebirge, Silcfda . 



Towanite 

Granite-porphyry .. 



....I N. J.. 1898, XII, 236.— W. T. 



Rocea 8tra<la. Italy ' J. G.. V, 303.— W, T. 

Nieder Modau, Hesse W. T. 
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76.82 


0.037 


75.27 


.036 


75.21 


.018 


78.00 


.049 


72.92 


.040 


72.71 


.038 


69.04 


.047 



SUBRANO 3. RIE8KN08B. 
(I. 8. 3, 3.) 



Granltite Riesengebirge, Silesia 

Granite j do 

Granltite do . 

Tjwcanite 

Granltite 

do 

do 



Rocca Strada, Italy 

Riesengebirge, Silesia . . . 

....do 

do 



N. J., 1898, XII. 283.— W. T. 

Do. 

Do. 
J. G., V, 363.— W. T. 
N. J.. 1898. XII. 232.— W. T. 

Do. 
N. J., 1898. XII, 234.— W. T. 



76.13 I 0.055(76.2) 
72.81 i .041 



Granite. .. 
Granltite . 



SUBRANO 4. 

(I. 3,3,4.) 



Riesengebirge, Silesia | N. J.. 1898, XII, 233.— W. T. 

do i N. J., 1898, XII. 232.— W. T. 



72.24 
66.99 



0.062 
.a51 



SUBRANO 5. VULCANOSK. 
(I. 3, 3, 6.) 



I Quartz-diorite-por- 
I phyry. 



Calaveras County, Cal Bull. 168, 203.— W. T. 

Vulcanite | Vulcano, Lipari B. G. S. A., V, 601.— W. T. 



68.87 0.02H 



Rang 4. 

SUBRANO 2. 

(I. 3.4,2.) 



"Srhliei 



re " in granite , Riesengebirge, Silesia N. J., 1898, XII, 285.— W. T. 
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CHEMICAL COMPOSITION OF IGNEOUS ROCKS. 
CUimfifd liM of analyses used in constructing diagrams — Continued. 

Order 4. Britannare. 

Rang 1. Liparahb. 

SUBRANO 1. LEBACH08B. 
(I. 4. 1, 1.) 



Silica 
con- 
tent. 


Alkali-silica 
ratio. 


Author's name. 


Locality. 


Reference. 


69.06 


0.117 (69.8) 
.107 


Quartz-orthoclarite. . . 
Quartz-porphyry 


ThOringerwald, Pruffda 


W. T. 


68 18 


Hummelberg, Pntflfiia ...».t 


Do. 









76.20 


0.096 


75.07 


.064 


74.62 


.096 


74.24 


.069 


71.09 


.112 


70.91 


.121 


68.99 


.115 


68.87 


.064 



SUBBANO 2. OMSOSB. 
(I. 4, 1, 2.) 



Rhyolite .. 

do 

....do 

Rapaklwl . 
Aplite 



Silver Cliff, Colo 

Pine Nut Canyon, Nev 

Humboldt Sink Group, Nev. 

LiTland, Finland 

Satteljoch, Prcdazzo, Tyrol . 



Graphic granite ' Omeo, Victoria . 



Pitchstone . 
Granite 



Ponza, Italy 

Omeo, Victoria. 



Bull. 168, 149.— W. T. 
Fortieth Par., I, 652. 

Do. 
R. T.. 1878, X. 
K. A. W. W., CXI, I, 266. 
Trans. R. S. Vict.— W. T. 
R. T., 1879, LII. 
Trans. R. S. Vict— W. T. 



SUBBANO 3. LiPABOSB. 
(I. 4. 1, 3.) 



77.61 
76.49 
76.33 
76.30 
76.20 
76.05 
75.71 
76.41 
75.44 
75.30 
75.17 
74.90 
74.87 
74.76 
74.45 
74.06 
78.93 
73.69 
73.51 
73. 3&" 
73.09 
73.03 
72.88 
72.48 
72.35 
72.26 
?i.06 



0.QB8 
.092 
.092 
.068 
.091 
.092 

.094 (75.6) 
.094 
.069 
.062 
.086 
.094 
.084 
.096 
.090 
.096 
.100 
.100 

.091 (73.4) 
.106 
.086 
.104 
.098 
.099 
.093 
.101 
.107 



Granite 

Paisanite 

Graphic granite 

Alaskite 

Obsidian 

Aplitic granophy re . 

RhyoUte 

Comendlte 

Rhyolite 

.....do 

Granitite 

Rhyolite 

Granite 

Comendlte 

Rhyolite 

Obsidian 

Granite 

Granite-porphyry . . . 

Granitite 

Paisanite 

Granite-porphyry. . . 
Syenite-porphyry. . . 

Aplite-granite 

Granite 

do 

do 

do 



Cape Ann, Mass . 
Magnolia, Mam. 
Hochland 
Alaska 

Obsidian Hill, N. Mex 

Konerud wege, Norway 

Great Paint Pots, Yellowstone Park. 

IskaganBay, Siberia 

Fish Creek Mountains, Nev 

Rimini, Mont 

Pikes Peak district, Colo 

Castle Mountain district, Mont 

Brookville. Md 

Omcnde, San Pietro, Sardinia 

Chalk Mountain, (3olo 

Mono Craters, Cal 

Quincy, Mass 

Mount Ascutney, Vt 

Hkes Peak district, Colo 

Mosques Canyon, Tex 

Albany, N.H 

Mount Ascutney, Vt 

Castle Mountain district. Mont 

do 

Ironton, Mo 

Albany, N. H 

Stony Creek, Conn 



J. G. VI, 793.— W. T. 

J. G. VII,113.-W.T. 

R. T., 1869, XLII. 

Bull. 168, 228.— W. T. 

Bull. 168, 172.— W. T. 

Z. K., XVI, 77.— W. T. 

BuU. 168, la*).- W. T. 

A. J. S., Xn, 1902, 180.— W. T. 

Fortieth Par., I, 662. 

Bull. 168, U9.— W. T. 

Bull. 168, 142.— W. T. 

Bull. 168, 129.— W. T. 

Bull. 168, 46.— W. T. 

Rasenbusch, El., 257.— W. T. 

Bull. 168, 156.— W. T. 

Bull. 168, 219.— W. T. 

J. G., VI, 793.— W. T. 

Bull. 168, 25.— W. T. 

Bull. 168, 142.— W. T. 

T. M. P. M., XV, 439.— W. T. 

A. J. S.. XX, 1881, 25. 

Bull. 168, 24.— W. T. 

Bull. 168, 129.— W. T. 

Do. 
Bull. 168, 60.— W. T. 

A. J. 8., XXI, 1881, 25. 

B. G. S. A., X, 376.— W. T. 
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con- 
tent. 



71.90 , 
71.88 I 
71.67 I 
71.56 I 
71.49 I 
71.07 I 
70.92 I 



70.23 I 



70.09 1 

70.01 I 

69.91 I 

69.89 

68.95 

68.71 

68.66 

68.34 
66.40 



Clasitifir.d list of analyses used in constrtiding diagrams — Continued. 
SuBKANG 3. LiPAROflB— Continued. 



Alkali-fdlica 
ratio. 



I 



.102 
.095 
.101 
.086 
.109 
.087 
.096(70.7) 

.113 
.092 
.113 
.119 
.098 
.144 
.114 
.110(68.6) 

.129 

.097 (66.7) 



Author'g name. 



Gmnitite 

Porphyry 

Quartz-porphyrj' . . . 

PitchKtone 

Qiiartz-porphyry . . . 
Granite-porphyry . . 
Rhyolite 



Keratophyre 

Orthoclase-porphyry 

Obsidian , 

iillKlrite-granite , 

Rhyolite 

Grorudite 

Quartz-pan tellerite . 

Granite -syenite- por- 
phyry. 

Quartz-syenite , 



Quartz - syenite - por- 
phyry. 



Locality. 



Mount Ascatney. Vt 

Ironton, Mo 

Castle Mountain district, Mont 

Silver ClilT, Colo 

Gialemd, Norway 

Albany, N.H 

Uraer Geyiier Basin, Yellowstone 

Marblehead Neck, Mass 

Comon, Tyrol 

Palxnerola, Italy 

Mlask, Ural Mountains 

Nathrop, Colo 

W. Aker, Norway 

Vieja Mountains, San Carlos, Tex 

Little Rocky Mountains, Mont 



Bearpaw Mountains, Mont. 
Fjelebua, Norway 



Reference. 



Bull. 168, 24.— W. T. 
Bull. 168, 60.— W. T. 
Bull. 168, 129.— W. T. 
Bull. 168, 160.— W. T. 
Z. K., XVI. 46.-W. T. 
A. J. 8., XXI, 1881, 26. 
Bull. 168, 104.— W. T. / 

Bull. 168, 84.— W. T. 

R. T., 1879, XXVm. 

R. T., 1879, LII. 

A. J. 8., Xm, 1902, 180.— W. T. 

Bull. 168, 164.— W. T. 

E. K., 1, 199.— W. T. 

Bull. 168, 61.— W. T. 

Bull. 168, 134.— W. T. 

Bull. 68, 135.— W. T. 
Z. K., XVI, 46.— W. T. 



73.61 
73.50 

72.66 
72.46 
71.65 



75. 92 0. 093 ( 76. 8-. 094 ) Granltite . 



SUBRANO 4. KaLLKBUDOSK. 
(1.4,1,4.) 



.095(73.8) 

.099(72.8) 

.095 

.119 



Rhyolite 

Quartz -bearing bos- 
tonite. 

Rhyolitic pitchatone . 

Rhyolite 

Sodasrranite 



Pikes Peak district, Colo 

Oyacachi, South America 

Ampangarinana, Madagascar 

Castle Mountain district, Mont 

Guomani, Ecuador, South America.. 
Hougnatten, Norway 



Bull. 168, 142.— W. T. 
R. T., 1879, LIV. 
M. M., 65. 

Bull. 168, 129.— W. T. 
R. T., 1879, UV. 
E. K., 1, 198.— W. T. 



75.46 



SUBBANG 5. NOYANOOSK. 

(1.4,1,5.) 




Omeo, Victoria RoHenbusch, El., 260.— W. T. 

Rice Point, Duluth, Minn 21at Ann. Rept.. Surv. Minn., 41,- 

W. T. 

Berkeley, Cal ; Rosenbusch, El., 260.— W. T. 

I 



69.19 
68.36 
66.24 
65.19 



0.102 
.078 
.093 
.093 



Rang 2. Toscanabb. 

SUBBANG 2. DELLENOBE. 

(I. 4, 2, 2.) 



Granite.. 
Dellenite 
ToKcanite 
do... 



Try berg Fall, Schwarzwald 

Dellen, Helslngland, Sweden 

Monte Cucco, Italy 

Tolfa, Italy 



N. J., 1883, II. 
E. K., II, 59. -W. T. 
J. Q., V, 862.— W. T. 
Do. 
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Classified lUi of aiuily»es used in cantiructing diagrams — Continued. 

SUBRANO 3. T0BCA.NO6E. 
(I. 4, 2, 3.) 



Silica 
con- I 
U»nt. 



76.48 
76.03 
76.00 
76.97 
76.74 
76.08 
75.01 
74.95 
74.60 
74.49 
74.37 
73.84 
73.70 
73.64 
73.51 
73. S8 
73.12 
72.67 
T2.40 
71.86 
71.79 
71.78 
71.68 
71.12 
71.08 
70.87 
70.76 
70.56 
70.64 
70.46 
70.29 
69.96 
69.95 
69.94 
69.68 
69.62 
69.45 
68.88 



68.60 
68.58 
68.65 
68.42 
68.40 
68.36 
67.45 
67.44 

67.12 
66.60 



AlkaliwBlliea 
ratio. 



0.087 
.081 
.087 

.079 (76. 1- 
.086 

.084 (75.0) 
.086 (75. 1-. 
.088 
.081 

.068 (74.6) 
.085 
.083 
.092 
.068 
.097 
.060 
.087 
.090 
.086 

.087 (72,0) 
.082 (71.7) 
.065 
.070 
.098 

.064 (71.0) 
.092 
.080 

.106 (70.7) 
.107 
.064 
.101 
.069 

.098 (70.1) 
.092 
.067 
.108 
.097 
.100 

.(STJ 

.107 (68.7) 

.100 

.096 

.063 (68.2) 

.112 (68.2) 

.105 

.084 

.104 

.062 
.W7 

.111 



.078) 



068) 



Aathor's name. 



Locality. 



ApUte 

Qranodiorite-aplite. . .' 

Aplite I 

Granite 

Obsidian | 

Alaakite j 

Rhyolite \ 

do ; 

do 

Qranitite 

Rhyollte-perllte . . . 

Granite 

Rhyolite 

Obridian 

Granite 

Quartr-porphyry .. 

Granite 

RhyoUte 

do 

Granitite 

Granite 

Granitite 

Rhyolite 

Granodiorite 

RhyoUte 

Granite 

Rhyolite 

.£girite-granite . . . 

Granite 

RhyoUte 

Dadte 

Quartz-porphyry .. 

Granite 

Granite-porphyry 

Trachyte 

Rhyolo-trachy te , 

Quartz- syenite • p o r - 
phyr>-. 

Granite 

Granite-porphjTy 

Granite , 

do 

Quartz-monzonite 

Granite 

Nordmarkite 

Granodiorite , 

Granite-syenite- p o r- 

. phyry. 

Granite 

'Quartz-syenite • p o r • 
phyry. 

Akeilt« 



Reference. 



Dargo. Victoria 

Sierm County, Cal 

DownieviUe area, Cal 

Sierra County, Cal 

Lier. Norway 

Laguna de M«ricunga, Chile 

Alaska 

Montezuma Mountains, Nev 

Shasta County, Cal 

Thomas Range, Utah 

Crazy Mountains, Mont 

Midway Basin, Yellowstone Park . 

Peterhead, Scotland 

Lassen trail, Tehama County, Cal. 

Modoc County, Cal 

Lake Raslangen, Sweden 

Little Belt Mountains, Mont 

Guilford, Md 

MountStover, Cal 

Tower Creek, Yellowstone Park ' 

Woodstock, Md 

Cottonwood Canyon, Utah 

Rlesengebirge, SUesia ' 

Ponza, Italy j 

ElCapitan, Yosemlte, Cal | 

Pennsylvania Hill, Silver Cliff, Colo ." 

Amador County, Cal 

Ponza, Italy 

L6ken, Norway 

Dorseys Run, Md 

Harlequin Canyon, Nev 

Washoe, Nev j 

Butte district, Mont 1 

Ironton, Mo ! 

Little Belt Mountains, Mont i 

Pikes Peak district, Colo 

Sunset Peak, Mont : 

Squam Light, Mass | 



Trans. R. S. Vict.— W. T. 
Bull. 168, 192.— W. T. 
J. G., VII, 160.— W. T. 
Bull. 168, 192.— W. T. 
Z. K., XVI. 77.— W. T. 
Z. D. J., G. LI, 4. 
Bull. 168, 228.— W. T. 
Fortieth Par., I, 652. 
Bull. 168, 178.— W. T. 
Bull. 168, 168.— W. T. 
BulL168,120.— W.T. 
Bull. 168,106.— W.T. 
R. T., 1884, XIV. 
BulL 168,178.— W.T. 
BuU. 168,217.— W.T. 
W.T. 

BuU. 168,125.— W.T. 
BulL 168, 46.— W.T. 
Bull. 168,178.— W.T. 
BulL 168, 104.— W.T. 
BuU. 168,46.— W.T. 
Fortieth Par., 1, 110. 
N. J., 1896, Xn, 282.— W.T. 
R. T., 1879, LII. 
BulL 168, 207.— W.T. 
BuU. 168,149.— W.T. 
BuU. 168,200.— W.T. 

Z. K., XVI,57.— W.T. 
BuU. 168,47.— W.T. 
Fortieth Par., I, 662. 
BuU. 168,174.— W.T. 
BuU. 168,119.— W.T. 
BuU. 168,60.— W.T. 
Bull. 168, 126.— W. T. 
Bull. 168, 146.— W. T. 
Bull. 168, 106.— W. T. 
J. G.. VII, 109.— W. T. 



Eureka, Nev ] U. S. G. S., Mon. XX, 228. 

Little Belt Mountains, Mont ' Bull. 168, 126.— W. T. 



West Humboldt Mountains, Nev. 

Shap, England 

Hailey, Idaho 

Millstone Point, Conn 

Gloucester, Mass : 

Eldorado Canyon, Cal 

Little Belt Mountains, Mont 



Boulder, Mont 

Little Belt Mountains, Mont 

Qlonoeiter, Mass 



Fortieth Par., 1, 110. 
Q. J. G. S., 47, 276 
Bull. 168. 137.— W. T. 
B. G. S. A., X, 376.— W. 
J. G., VI, 800.— W. T. 
Bull. 168, 199.— W. T. 
Bull. 168, 127.— W. T. 

BuU. 168,118.— W.T. 
BuU. 168, 127.— W. T. 

J. Q.. VI, 798.— W. T. 
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Clamfied list of analyses used in constructing diagrams — Continued. 
SUBRANO 8. ToscA NOSE— Continued. 



Silica 
con- 
tent. 



Alkali-silica 
ratio. 



66.12 


.123 (66.3) 


65. A8 


.094 


65.32 


.096 


65.05 


.092 


64.76 


.094 


64.64 


.114 (64.5) 


64.62 


.118 


64.57 


.095 


64.49 


.103 


62.38 


.110 



75.50 
73.27 
73.00 
72.59 
71.74 
71.19 
70.36 
69.93 



69.66 I 

69.56 

69.51 

69.00 

68.72 

68.65 I 

68.32 

68.10 

67.89 

67.56 

67.49 

67.49 
67.42 
67.01 
66.46 
66.30 
66.28 
65.87 
65.78 
65.64 
64.98 
62.58 



0.083 
.077 
.076 
.083 
.075 
.078 
.082 
.109 
.084 
.076 
.083 
.126 

.084 (68.8) 
.084 



.087 (67.2) 
.085 (67.6) 

.112 

.116 

.120 

.104 

.098 

.094 (66.5) 

.099 

.121 

.108 

.109 

.109 



Author's name. 



L<x!ality. 



Reference. 



I 



Trachyte WIcher Mountain, Colo 

do Monte Amiata, Italy 

do do 

Toscanite do 

Trachyte do , 

Syenite Little Belt Mountains, Mont 

Diorite Mount Ascutney. Vt 

Toecanite Bracciano, Italy 

Porphyrite Cmzy Mountains, Mont 

Latite Clover Meadow, Tuolumne Countv, 

Cul. 



Bull. 168, 146.— W. T. 
Rownbusch. EL, 269.— W. T. 

Do. 
J. G.. V, 362.— W. T. 
Roeenbuflch, EL, 269.— W. T. 
Bull. 168, 126.— W. T. 
Bull. 168, 25.— W.T. 
J.G.,V,8e2.— W. T. 
BulLl68,120.— W.T. 
B«n.l68,206.— W. T. 



Rhyolite 

Granite 

...-do 

Obsidian 

Granitite 

Quartz-porphyritc 

Granodiorite 

Granite- pon>hyry 

Dacite 

do 

....do 

I Quartz-lindoite 

, Dacite 

Quartz-monzonite 

1 Dacite 

do 

Andesite , 

I Pitchstone 

I Dacite 



SUBBANU 4. LaSSE.NOSE. 

(I. 4,2,4.) 

I 
Obsidian Cliff, Yellowstone Park . 

Florence, Mass 

Rocklin, Cal 

Willow Park, Yellowstone Park . . . 

Riesengebirge, Silesia 

Calaveras County, Cal 

Enterprise, Butte County, Cal 

Crazy Mountains, Mont 

Lassen Peak, Cal 

Colombia, South America 

I^Assen Peak. Cul 

W. Aker, Norway 

Lassen Peak, Cal 

Sierra County, Cal 

Lassen Peak, Cal 

Shasta County. Cal 

Buntingville, Cal 

Butte district, Mont... 



Mica-dacite 

Augite-soda-granite 
Alaskite-porphyry. . 

Dacite 

Dacite-porphyry 

Porphyrite j 

Feldspar-porphyry . . . 
Mica-andcsite 



Sepulchre 
Park. 



Mountain, Yellowstone 



j Andesite-pori>hyr>' ... 
; Ollgoclasite 



Syenite-porphyry . 



Silver Cliff, Colo 

Kekequabic Lake, Minn 

Alaska 

Rodta, Colo 

Shasta County, Cal 

Crazy Mountains, Mont 

Castle Mountain district. Mont. . 
San Mateo Mountain, N. Mex... 
Gray Peak, Yellowstone Park... 

Preston, Norway 

Yogo Peak, Mont 



Bull. 168. 104.— W.T. 
Bull. 168, 30.— W.T. 
Bull. 168, 198.— W.T. 
Bun. 168, 104.— W.T. 
N. J., 1898, XII, 232.— W. T. 
Bun.168,208.— W.T. 
Bull. 168, 190.— W.T. 
Bull. 168, 120.— W.T. 
Fortieth Par., 1, 652. 
J. G., 1, 171.— W.T. 
Bull. 168, 179.— W.T. 
E.K.,I,198.— W.T. 
Bull. 168, 180.-W.T. 
Bull. 168, 192.— W.T. 
BulLl68,179.— W.T. 
Bull. 168, 180.— W.T. 
Bull. 168, 181.— W.T. 
BulL168,119.— W.T. 
Bull. 168, 91.— W.T. 

Bull. 168, 149.— W. T. 

A. G., XI, 385.— W. T. 
Bull. 168, 228.— W. T. 
Bull. 168, 149.— W. T. 
Bull. 168, 177.— W. T. 
Bull. 168, 120.— W. T. 
Bull. 168, 180.— W. T. 
Bull. 168. 170.— W. T. 
Bull. 168, 107.— W. T. 

B. M. A., 1898, VII, 47.— W. T. 
Bull. 168, 127.— W. T. 



74.21 0.100 
67.88 .084 (67.8) 



SUBRANO 5. MABIF0606E. 
(I. 4, 2, 5.) 



Soda-granite Mariposa County, Cal BulL 168, 207.— W. T. 

Gmnite Cavaura River, British Guiana W.T. 
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Ckusijied list of atudyses utted in cotiMtrucling diagrarru — Continued. 

RAN(i 3. CoivORADASE. 

Sl'RHAN'G 3. AMIATOfiE. 

(r. 4. 3. 3.) 



Alkali-fiiliea 
ratio. 




68.41 
68.10 
68.12 
67.30 
66.94 
66.65 

66.65 
66.71 
65.66 

65.68 
65.60 
64.85 
64.61 
64.53 
64.48 
64.27 

64.24 
63.81 
63.42 

68.30 
62.91 
62.85 
61.42 



0.084 
.065 
.078 
.075 
.070 



.074 
.065 
.07^ 

.060 

.066 (65.7) 

.064 

.088 

.060 

.076 (64.7) 

.061 

.078 (64.1) 

.079 

.096 

.087 
.094 
.065 
.078 



Author's name. 



Locality. 



Reference. 



Granite I»w«r Klsam, Voices.. 

Trachyte Monte Amiate, Italy .. 

Quartz-porphyrlte .... Mount Carbon, Colo. . . 

Andesite-perlite Eureka, Nov 

Dacite Pergamon, Afda Minor 

Andediite Kara TaRh, Axia Minor 



Rooenbusch, El., 78. 
Rosenbugch, El., 269.— W. T. 
Bull. 168, 160.— W. T. 
U. S. G. S., Mon. XX, 264.— \V. 
A. J. 8.. III. 1897. 45.— W. T. 
A. J. S., III. 1897, 45.— W. T. 



SUBRANO 4. YKLIX)WST0N0«K. 

(I. 4,3,4.) 



Dacite 

Diorite 

Andesite 

Dacite 

Andefdte 

Quarts-diorite- 
porphyry. 

Granodiorite 

Banatite 

Dacite 



Andedte 

Qu&rts-mica-diorite . 

do 

Andesite 

do 

do 

do 



Dacite-porphy ry . 
Dacite 



J. G., 1, 171.— W. T. 
Bull. 168, 177.— W. T. 
Bull. 168, 183.— W. T. 



Colombia, South America 

Ono, ChI 

Shasui County, Cal 

Colombia, South America j J. G., 1, 171.— W. T. 

Sierra County, Cal Bull. 168, 193.— W. T. 

do Bull. 168, 192.— W.T. 



Nevada City, Cal 

Banat, Hungary 

Sepulchre Mountain, 



Yellowstone 



Quartz-dlorlte- 
porphyr>'. 

Andesite 



>pulchi 
fark. 

Fan Creek, Yellowstone Park 

Electric Peak, Yellowstone Park. 

do 

Crescent Hill, Yellowstone Park . 

Mount Shasta, Cal 

do 



Sepulchre Mountain, Yellowstone 
Park. 

ShaKta County, Cal 

Mill Creek, Shasta County, Cal 

Crandail Basin, Wyo 



Granitite 

(?) Porphyrite-diorite 
Porphyrlte 



Mount Rose, Washoe, Nev . 

DorseysRun, Md 

Mount Marcellina, Colo . . . . 
Storm Ridge, Colo 



Bull. 168. 194.— W. T. 
Ronenbnsch, £1., 140. 
Bull. 168, 91. -W.T. 

Bull. 168, 107.— W. T. 
Bull. 168. 88— W. T. 

Da 
Bull. 168, 108.— W.f. 
Bull. 168, 176.— W. T. 

Do. 
Bull. 168, 91.— W. T. 

Bull. 168. 177.— W. T. 
Bull. 168, 180.— W. T. 
Bull. 168, 94.— W. T. 

Fortieth Par. I, 601. 
Bull. 168, 47.— W. T. 
Bull. 168, 160.— W. T. 
Do. 



65.81 



0.047 



Surra NO 5. Amadoroak. 
(I. 4, 3, 5.) 




Amador County, Cal . . 
Saganaga Lake, Minn . 



Bull. 168, 201.- \V. T. 

21st Ann. Rept. Geol. Surv. Minn., 
43.— W. T. 



Granite. 



Rang 4. 

SUBRANG 3. 

(1.4,4,3.) 

Hochwald, Vosges. 



Rosenbusch. Steiger Schlefer 
(Strassburg, 1877), 167. 
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Clamfied li$t of aiudysen used in constructing diagraim — Continued. 

Obder 5. Canadare. 
Rang 1. Nordmabkasb. 

SUBBANO 8. PHLKOROeK. 
(I. 6, 1, 8.) 



Silica 
con- 
tent. 



66.18 
66.03 
66.43 
64.88 
64.04 
63.71 
62.30 
61.92 
61.88 
61.62 
61.46 
61.05 
60.38 
60.18 
60.02 
69.79 
69.70 
68.76 
67.18 



Alkali-silica 
ratio. 

0.180 
.132(66.9) 
.181 
.128 
.160 
.169 
.142 
.161 
.176 

.170 (61.2) 
.143 (61.8) 
.166 
.193 
.166 
.147 
.186 
.164 
.176 
.171 



Author's name. 



Quartz-syenite 

Trachyte 

Syenite 

Syenite-porphyr>* 

Nordmarkite 

Pulaskite 

Bostonite 

Pulaskite 

Trachyte 

do 

do 

Solvsbergite 

Trachyte 

Nephelitc-syenite 

Syenite-keratophyre . 

Trachyte. 

Nephelite-syenlte — 

Umptekitc 

Trachyte 



Locality. 



F^elebua, Norway 

Game Rid^e, Custer County, Colo . . . 

Mount Ascutney, Vt 

do 

Tonsenas, Norway 

Salem Neck, Mass 

Gran, Norway 

Lokob4, Madagascar 

Marccocco, Italy 

Monte Rotaro, Italy 

Maros, Celebes 

Coney Island, Mius 

Monte Nuovo, Italy 

Fourche Mountain, Ark 

Harz Mountains 

Monte Nuovo, Italy 

Fourche Mountain, Ark 

Cabo Frio, Brazil 

Highwood Mountains, Mont 



Reference. 



Z. K., XVI, 46.— W. T. 

Bull. 168, 147.— W. T. 

Bull. 168, 24.— W. T. 

Bull. 168, 26.— W. T. 

Z. K., XVI, 64.— W. T. 

J. G., VI, 806.— W. T. 

E. K., Ill, 204.— W. T. 

M. M., 204. 

A. J. S., VUI, 1899, 289.— W. T. 

Do. 
G. C, 16. 

J. G., VII, 118.— W. T. 
A. J. 8., VUI, 1899, 287.— W. T. 
J. G., IX, 610.— W. T. 
R. T., 1884, XXII. 
A. J. 8., VIII, 1899, 287.— W. T. 
I. R. A., 88.— W. T. 
T. M. P. M., XX, 248.— W. T. 
Bull. 168, 131.— W. T. 



SUBRANG 4. N'ORDMARKOeS. 
(I. 6, 1, 4.) 



66.60 


0.162 
.149 (66.4) 

. 151 

.143 

.140 (66.1) 

.146 

.167 

.161 

.161 (63.4) 

.161 

.1&4 (63.6) 

.1.% 

.169 

.180 

.186 

.184 

.161 (69.9) 

.167 (60.3) 

.173 

.174 


I.K?fltiwarite 

Quartz - syenite - por- 
phyry. 

Llparite 

Phonolitic andesite . . 

Nordmarkite 

Quartz-Bdlvsbergite. . . 

Pulaskite 


Kvella, Norway 








E. K 
Bull. 

R.T. 
Bull. 
J.G. 
E. K 
E. K 
Bull. 
B.C. 
Z. K. 
J. G., 
Bull. 
R. T. 
RT. 
A. J. 
Bull. 
E. K. 
J. G., 
LR 
J.G.. 


, III, 216.— W. T. 
168, 136.— W. T. 

, 1884, XL VIII. 
168, 170.-W.T. 
XI,27L 
. I, 78.-W. T. 
, III, 198.— W. T. 
168, 128.-W. T. 
G. F.. 11, 34.— W. T. 
, XVI, 64.-W. T. 

VI, 806.-W. T. 
168, 128.-W. T. 

, 1884, XXII. 

. 1861, 23. 

8., XLVU, 1894. 844.-W. 

168, 21.— W. T. 

, III, 204.— W. T. 

VII, 481.— W. T. 
A.. 186.-W. T. 

VII, 481.— W. T. 




66.22 

66.06 
66.61 
66.43 
64.92 
64.64 


Bearpaw Mountains, Mon 

Hohenburg, near Bonn, P 
San Mateo Mountains, N. 
ShefTord Mountain, Quebi 

Gran, Norway 

Lovasbucht, Norway 

Crazy Mountains, Mont . . 

Ahvcnvaara, Finland 

Tonsenas. Norway 

Salem Neck, Ma.«M 

Crazy Mountains, Mont . . 
Harz Mountains 


t... 

TUfiS 

Me3 

BC.. 


ia. 
c 






64.:)3 


Acmite- trachyte 

Syenite 




63.76 










63.20 


Nordmarkite 




63.09 


inilaAkitc 




62.17 


.Vcmjte-trachyte 

Keratophyre 

Phonolite 

do 

Litchfleldite 

BoRtonite 




61 67 










61.64 


Zittau, Saxony 










61.08 


Black Hills, S. Dak 








T 


60.39 


Litchfield, Me 










60.11 


Hedrum, Norway 

Gales Point. Mass 

Saline County, Ark 

Great Haste Island, Mass. 










60.06 


Tinguaite 




69.62 
69.31 


Nephclite-syenite 

Foyaito 
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CtatmjUti litt of aiHilfffif* u^k*/ in eoikMntrting diagrams — Continued. 

( I. 5, I. 5. . 



tenu 



nfttkK 



Author's name. 



Locality. 



I 



Reference. 






0.165 



57.32 
5M7 



01165 
.142 
.156 
.150 



i&54 


(HISS 


«ELM, 


.u» 


•L97' 


.146 


fL5& 


.141 


m.m 


.ta 


«o.a» 


.!» 


9Ki» 


.154 


38151 


.15» 


59.28 


.M» 


57.15^ 


.!« 


56.4&\ 


.175 


5&d2! 


.141 



«5.41 


9.130 


i$4.S0 


.t» 


•>4.(» 


.ce 


63. 49 


.133 


«1.47 


.130 


(U.« 


.138 


«1.06 


.147 


60. » 


.MK (50.9* 


(W.72 


.148 


(».4& 


.108 


60. .M 


.170 


38.90 


.160 


58L38 


.120 


5^94 


.100 


3K88 


.141 


5».« 


.155 


57.30 


.130 


57.44 


.157 



Albiiitc Ttiolumne Ctmnty. t>»l Bull. 168. 'JM.— W. T. 

^k> K«.wwii»kT, Cral M»>antainai O. N.. 160. 



RaNC. 2. Pi" LA.sk .\SK- 

.1. Sri. 2.^ 



I 



Leucitt^trachyte . ' » . . Rocca MoaHna. Italy ; J. G.. V. 370 — W. T. 

Vulsinite BoLseoa MonAna. Italy ' J. G., V, S*.— W. T. 

vio Vetrella. Italy Do. 

Leacite-trachyte San Rocco. Italy { J. G., V. 870.— W.T. 



STBJUiNG 3. FrjJkSKoeM. 
(L 5.2.3.> 



Qaut»«T«iiite Hi^chvood Mountains. Mont i W.T. 

AncteKteC?) Pikes F^ak district. Colo BalL 168. 14x— W. T. 

TnehTte UchSa. Italy R. T., 18T3. XXXVIIL 

....do do R.T..1873,XXXVL 

Qoarts^baoakite Ishawooa Canroo. Wyo BoIL 168. lOtL— W. T. 

Ptilaskite ; Foapche Mountain, Ark J.G..IX.«Ol— W.T. 

do i do I. R. A.. 88.— W.T. 

LeofritK-tcaeiiyte Vlterbo. Italy J.G., V.370.— W.T. 

N«ph«Iite^«renite ....j Ibnich^* Mountain. Ark I. R. A., S8.— W. T. 



Ttachj-dbkzite : Maru*. Cel*fb«» 

SodaIlte«yenite sfkinarv Batte. Mont . . . 

Gentnnicvn. Celebes... 



G.C.,14. 

BaIL168,l34.— W.T. 
G.C..». 



SCXK.\X(» 4. Lavktikoi». 

' I. 5. i 4. ( 



Trachyte ; Game Rid^. Ourter Cwmty. t-olo...- BalL 168. 147.— W. T. 

PoBtite Ftiy de Dome, rtanee R. T., MOO. CXVTIL 

QuaxtiHfjreiiite FOarche McHxntaln. Ark LBL A..96.— W.T. 

Aa<lMate Owter County. Colo RnlL 168. 148.— W. T. 

dk> Pantellariifc, Italy Z. K, \nn. 156. 

do do Z.K..VUI. 1<M. 

Trachyte twhiifc. Italy..'. K.T.,1873. XXXVLLL 

.^uijEtte^porphyrite Henry Mountain.^, I'tah BulL 168. ltJ7. — W. T. 

Rhombenpoci^vry..., NOttero. Xorway Z.K..XVL 35.— W.T. 

Nocdmarkite ' AlkeKnl. Norway Z. KL.XVT. 54.— W.T. 

Au$ite^ande«tte Ptuitellana Z. KL.. VUI. 156. 

PuJta^kite Sheflord Mouuteiu. Quebec J.G..XI.'i71. 

Tonttbergite Ti>u»berK. Xurway K. K. 111,376.— W.T. 

Azidwite Silver Clifl, ^.'ulo RuH. 168» 148.- W. T. 

Laurrikite Laurvik. Xorwi^> Z. K.. XVT, 30.^W. T. 

Rhomb«npocp^ry- - • TOnjibcrjj. Norway Z. K., XVI, ;i&.^W. T. 

do Noiwro, Norwi^y j ixx 

Pulaokitw MouAt Johu«>ii, V^Mbvc I J. G.. Xl»t£Zl. 
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CloMtified liM of analyses used in rxmstructing diagrams — Continued. 
SUBKANQ 4. Laurvik ROAR— Continued. 



Silica 
con- 
tent. 


Alkali-sllicH 
ratio. 

.153 (57. li 
, .13K 
.144 

.155 (55.9) 
.156 
.162 


Author'H name. 


' UKjaUty. 


Rfferenee. 


57.33 
57. 12 


Rh(>mbi»n|K)rphyry . . . 
Laiirvilcite 


NStterti, Norway 

Fredriksvarn. Norway 

N6tter5, Norway 

Ambodimadiro, Madagaiwar 

Columbrctes Islandfl, Spain 

Bmmnnthal. Norway 


Z. K., XVI, 85.-W. T. 
Z K XVI 30 — W. T 


56.85 


do 


Do. 


56.26 
66.19 
64.00 


>ricromonzonite 

Tophritic trachyte 

I<hombenporphyr>- . . . 


M. M., 204. 

T. M. P. M.. XVI. 314. ^W. T. 

Z. K.. XVI, 28.— \V. T. 














(I. 5.2,5.) 




62.90 


0.135 
.164 


Dioritc 


Jablanica, Heraegovlna 


W. T. 


60.13 


' Kcnitophyre 


New Haven, Conn 


A. J. 8., Ill, 1897, 291.— W T 




1 






0.135 (59.5) 


Auifite-Myeniie 


Rang 3. . 

Sl'BRANO 2. . 

(I. 5.3,2.) 
Mazarani district, British Guiana .... 




69.88 


W.T. 








SUBRA.NO 3. . 

(T. 6. 3, 3.) 

Table Mountain, Colo 




59.26 


0.139 


Andesitc 

1 


Bull. 168, 141.— W. T. 






SUBRANG 4. . 

(I. 6.3,4.) 




68.28 


0.112 


DiabaHC-porphyrite. . . 


Crazy Mountains, Mont 


Bull. 168, 121.— W. T. 








Rang 4. Labradorase. 

SrSRANU 3. Labradorosr. 

(I. 6, 4, 3.) 


55.01 


0.086 
.093 
.122 

.090 (53.6) 
.099 
.096 
.092 
.091 
.056 


Anorthoflite 


Turtschinka, Wolynien, Russia 

New York State 


W.T. 


54.62 


do 


N.J., 1888,VIU, 494. 


54.45 


do 


Rawdon, Canada 


Do. 


5:{. 58 


do 


PokSlfi, Finland 


W. T. 


53 43 


.. .do 


liftbrRdor, Canada ,,.-.,.. 


N. J., 1893, VIII. 494.— W. T. 


53. 42 


do 


Ogne, Norway 


B.M. A.,1896.V, 96.— W.T. 
B. M. A., 1896, V, 79.— W. T. 


52. 61 


do 


Ekersund, Norway 

Carlton Peak, Minn 


49 78 


do 


Am. Geol., XXVI. 281.— W. T. 


47.25 


do 


Beaver Bay, Lake Superior 


U. S.G. S., Mon.V, 488. 














._ _ 

AnorthoHite 

^- 

do 


Rang 5. Canadase. 

(1.5.6.) 




47.32 
46.24 
45 78 


0.048 (47.4) 
.044 
.036 


South Sherbrooke. Ontario 

Seine River, Canada 

Monhesran Isle Me 


Am. Geol.. XXIV, 280.- W. T. 

J. G.. IV. 909.-W. T. 

Am. Geol.. XXVI. 840.— W. T. 









14474: -No. 18—03- 



34 



CHEMICAL COMPOSITION OF IGKEOUS ROCKS. 
Vlassijit'fi list of nnnlynes used in a/ngtructing diagrams — C'^Jiitinue*!. 

Order 6. Russare. 

Rang 1. Miaskase. 

SCBRANG 3. BEEXBROeS. 

(I. 6. 1, 3.) 



Silica 
con- 
tent. 



60.42 
S9.20 

58.89 

5^.72 

58.00 

55.87 

55.38 

53.56 I 

63.09 



Alkali-Kilica 
ratio. 



O.IM 
.189 (.VJ. 1) 
.IMO 



Author's name. 



Locality. 



Referen(?e. 



-W. T. 



.... T.M. P. M., XVI.2li.^ 

....' M. M.. 169. 

. . . .1 T. M. P. M., XVI. 252. — W. T. 



..., 



.199(.'>K. 

.199 

.201 (.'»5.3, 

.207 

.229(:>3.1) 

.•226 



.200) 



Nephelite-syenite Moita, Foya, Portugal 

Mieroditrolte , Nosy Komba, Madagai«car 

Leueite-tinguaite- I*icota, Portugal 

vitrophyre. 

Ditroite Nofcy Komba, Madagascar M.M.,204. 

Phonolite Man*. Celebes G.C.,18. 

Leucite-phoDolite Lake Bracciano, Italy J. G., V., 370. — W. T. 

Foyaitc EastCape. Siberia A. J. 8., XIII, 1902, 176.— W.T. 

Nephelite-syenite .... Beemerville, N. J Bull. 168, :«. — W. T. 

Foyaite Magnet Cove. Ark J.G.,IX,611.— W.T. 



SFBRANG 4. MlABKOfiE. 

(L 6. 1. 4.) 



60.02 
59.38 
59.00 
58.98 
5H. 7H 
58.77 
58.74 
v||8.70 
58.64 
58.62 
58.61 
58.61 
58.51 
58.25 
58.20 
58.10 
57.86 
56.75 
56.67 
56.43 
56.40 
56.30 
56.26 
55.95 
55. 9t 
55.92 
65.21 
65.01 
54.92 
54.22 
64.20 
53.95 
63.66 
62.73 



0.202 
.189 
.196 
.219 
.218 

.211(.'V9.1) 
.205 
.190 

. 196 (. 196) 
.191 (58.5-, 
.194(58.3) 
.213(58.5; 
.216(58.2) 
.197 (57.7) 
.190 

.191 (57.9) 
.214 (57.8) 
.228 

.226 (56.3) 
.195 (56.3) 
.201 
.235 

.199 (56.8) 
.266 

.203 (55.6) 
.198 (56.8) 
.226 
.211 
.248 
.224 
.237 
.246 
.231 
.202 



-.IH') 



Phonolitt' 

Trachytic phonolite.. 

Phonolite 

do 

do 

Foyaite 

Neph<?lite-«yenite 

Acmite-trachyte 

Phonolite 

do 

Foyaite 

....do 

Phonolite 

Microfoyalte 

l)itn)ite 

....do 

Phonolite 

Tinguaite 

Nephelite-eyenite 

Phonolite 

Nephelite-syenite 

Ditroite 

Miaseite 

Phonolite 

Trachytic phonolite.. 

Phonolite 

....do 

....do 

Nephelite-apllte 

Phonolite 

Nephelite-syenite 

Phonolite 

...do 

Heronite 



Cripple Creek, Colo 

do 

....do 

do 

do 

Salem Neck, Mam 

Salina County, Ark 

Crazy Mountains, Mont 

Cripple Creek , Colo 

Noey Komba, Madagascar 

Heum, Lougenthal, Norway 

Nosy Komba, Madagascar 

Velay . France 

Nosy Komba, Madagascar 

do 

do 



Black Hills, S. Dak 

Plckards Point, Mass 

Plcota, Portugal 

Hegau, Germany 

Poutelitschorr, Kola. Finland 

Ditro, SiebenbQrgen, Hungary 

Mount Sobatchia, Siberia 

Borczen, Billn 

Columbretes Islands 

Hegau, Germany 

do 

do 

Cabo Frio Island, Brazil 

Southboro, Mass 

Picoto, Portugal 

Sardinia 

Msid Gharian, Tripoli 

Heron Bay, Canada 



Bull. 168, 143. —W.T. 
Bull. 168, 144. —W.T. 
Bull. 168, 143. —W.T. 

Do. 

Do. 
J. G.. VII, 481. —W.T. 
I. R. A., 139. —W.T. 
Bull. 168, 123. —W.T. 
Bull. 168, 143. —W.T. 
M.M.,169. 

E.K.,ni,377.— W.T. 
M.M.,169. 
R.T.,1879,LVin. 
M.M.,169. 

Do. 
M. M., 204. 
Bull. 168, 84.— W. T. 
J. G., Vll, 481.— W. T. 
T. M. P. M., XVI. 228.— W. T. 
R. T., 1884, LIV. 
Rosenbusch, El., 1*26.— W. T. 
^osenbusch, El.. 126. 
W.T. 

R. T.. 1869, XCVI. 
T. M. P. M., XVI, 314.— W. T. 
R. T., 1884, LH. 
R. T., 1879, LVni. 
R. T., 1884, LII. 
T. M. P. M., XX. 288.— W. T. 
Bull. 168, 33.— W. T. 
T. M. P. M., XVI, 218.-W. T. 
R. T., 1879, LVIII. 
R. T., 1884, LIV. 
J. G., Vn, 435.— W. T. 



ROCK ANALTSE8 TJ8BD IN OONSTBtTOTINO DIAaBAUS. 



35 



ClcLssified IvA of analyse* used in constructing dio^aiiM— Continued. 

SUBRANO 5. MaRIUPOLOSK. 

(I. 6, 1, 6.) 



Silica 
con- 
tent. 


Alkali-silica 
ratio. 


Author's name. 


Locality. ! Reference. 

1 


60.29 


0.197 (60.6) 


Mariupolite 


Nikolajew, Russia 


T. M. P M XXI 244— W T 









Rang 2. Vibzzenase. 

SUBRANG 3. . 

(I. 6, 2, 3.) 



63.76 



0.207 (53.6) 



Nephelite-tinguaite .. 



Magnet Ck)ve. Ark I. R. A., 266.— W. T. 



56.04 



SUBRANG 4. ViBZZKNOeE. 

(1.6,2,4.) 




Nephlite-rhomben- 
pJorphyry. 

Andesite , 

Nephelite-syenite .... 

do 



Vasvik tunnel, Norway . 



Palma, Sicily 

Brookville, N. J 

Caldas de Monchique, Portugal. 



Z, K., XVI, 38.— W. T. 
R. T.. 1879, LXVI. 



Tinguaite Umptek, Kola, Finland. 



I Bull. 168, 39.— W. T. 

I N. J., B. B., Ill, 271.— W. T. 

I Rosenbusch. El., 215.— W. T. 



Obder 7. Tasmanare. 

Rang 1. Lauoenasb. 

SUBRANO 4. LAUQBN08K. 

(I. 7. 1. 4.) 



66.50 0.248 



Poyaite Brathagen, Norway. 



E. K., Ill, 176.— W. T. 



74.36 
70.30 



0.092 
.128 



CLASS II. DOSALANE. 

Order 3. Hispanare. 
Rang 1. VabingasK. 

SUBRANQ 3. VARINOOSK. 
(II. 3, 1, 3.) 



Grorudite ... 
Pantellerite . 



VaringskoUen, Norway . 
Pantellaria 



Z. K., XVI, 66.- W. T. 
Z. K., Vm, 173.— W. T. 



72.12 



0.070 



Felsite. 



SUBRANG 4. — 

(n. 8,1.4.: 



Cudgegong River, New South Wales, 
Australia. 



W.T. 
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CHEMICAL COMPOSinOW OF IGNEOUS BOCKR. 



CUumfied liM of analtf$e9 U9ed in conMructhtg dlatjrauu* — (.'untinuecl. 
Rang 4. . 



SUBBANO 3. 



(II. S, 4. 3.) 



^"If* Alludi-sfUA 


Author'a luune. 


Uicallty. 


Referenw. 


M.n 0.Q2D 


Quartz-diorite 


UtUe Falls, Minn 


R. T.. 1K79, XXXVI. 



06.67 
68.97 
62. fil 
tkl.Ua 



0.108 
.106 
.090 
.101 



AK'2\ .005 (.'iU.6) 



Order 4. Austrare. 
Rang 1. Pantells3iabb. 

SUBRANO 3. OBOBUDOHE. 
(II. 4, 1, 8.) 



70.16 


0.109 
.129 
.121 
.187 
.123 
.102 (62.2) 


Grorudlte 


QniBBletten, Norway 

Pantellarla 

do 

do 

GruflBletten, Norway 

sapplingen, Ma^eburg, Pruatda 


E. K., 1. 199.— W. T. 


09.61 


Pantellerite 


Z. K., VIII, 173.— W. T. 


09.02 
68.88 
66.60 


do 

do 

Grorudlte 


Z. K., VIII, 182.— W. T. 
Z. K.. VIII, 170.— W. T. 
E. K., I, 199.— W. T. 


61.88 


Porphyrite 


W. T. 









Subrano 4. Pantbllbrosk. 
(II. 4, 1, 4.) 



71.36 


0.116 
.116 
.181 
.122 


(Jronidite 


Kallerud, Norway 

Pantellarfa 


E. K. I, 199.— W T 


67.80 


PantelleriU^ 


Z. K., VIII, 186.— W. T 


67.48 


do 


do 


I)o. 


67.18 


do 


do 


Do 











ikx no 0. IU7 



ii4 it 


UWi 


(Ki-iU , 


lUl 


'ii..lU 


luu 


4.^^l 


WW 



Rang 2. Dacase. 

Subbanq 3. ADAMBLUMB. 
(II. 4,2,3.) 



Granite-porphyry 

Quart2-mfca-diorite .. 
Syenite 



Klrche Wang, SUeria. 
Crandall Basin, Wyo . 
Reichenstein, Silefda . 



(iranitite , Laveline, Voagen 



Roeenbuach, £1., 195. 
Bull. 168, 94. -\V. T. 
N. J., 1890, I, 206.— W. 
j Ruoenbuflcb, El., 78. 



Trachyto-andesite — Highwood Mountainu, Mont Bull. 16S, 131.— W. T. 

J I 



SnBBAN0 4. Daoose. 
(II. 4, 2, 4.) 



' AndeNlte 

(iranitite 

DaclU* 

I Audetdti* 

I guartx-dlorlte 



Sepulchre Mountain, Yellowstone 
Park. 

Cnzy Mountains, Mont 

Chiles, Colombia, South America ... 

Tower Creek, Yellowstone Park 

Sauk Center, Minn 



Bull. 168,91.— W.T. 

Bull. 168.120.— W.T. 
J. G., I, 171.— W. T. 
Bull. 168, 108.— W. T. 
R. T., 1879, XXXIV. 



ROCK ANALYSES USED IN CON8TBUCTING DIAGRAMS. 

Clamfied lint of urudyMn used in condruciing dla4fram» — (\)ntiiiued. 

RaNO 3. TONALASB. 

8UBRANU 3. HABZOSE. 

(II. 4,3,8.) 
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Silica 
con- 
tent. I 



(H.34 
63.85 
63.06 
61.73 
61.64 
60.68 
60.17 I 
59.76 ' 
67.80 1 

57.69 ' 
57.26 



Alkali-Hili(rti 
mtio. 



0.081 
.080 

.069 (63.2) 
.088 
.078 

.090 (60.7) 
.090 
.094 
.063 

.064 (58.1) 
.076 



Anther's name. 



Locality. 



Kcferenoo. 



L 



Granite , Butte, Mont , Bull. 168,117.— W. T. 

Grunodlorite \ Gra«8 Valley. Cal | Bull. 168, 194.— W. T. 

"Sohliere" in granite. | UlvM-iijftfbirge, Sllesiii ; N. J., 1898, XII, 236.— W. T. 

Syenite i Hodritch, Hungary 



Red Rock Creek, Butte, Mont. 



Quartz-monzonite 

Andesite | Minint Pagofl, Aaia M If inr 

Latite ; Tintic district. Utah 

Monzonite i do 

Quartz-pyroxene^io- i Sonora, Tuolumne County, Cal. 
rite. 

Mica-diorite Gippsland, Victoria 

Quartz-mica-diorite . . \ Sierra County, Cal 



R. T., 1869, LX. 
Bull. 168, 118.— W. T. 
A. J. S. Ill, 1897. 48.— W. T. 
Bull.168,166.— W. T. 

Do. 
Bull. 168,204.— W.T. 

E. K., II, 37.— W. T. 
Bull. 168, 192.— W. T. 



eti,01 

&5.n 

&t,81 
r>4.12 
IH.07 
G9.M 
mA7 

63.29 
fia.15 
£ft.03 
«L7J 



O.DCA 

.ma 

.Wl 

.077 (.0741) 

.(M4 
.076 

,aT7 

.08fl 
,070 
.QM 
.OIK 



62.62 ] .070 
62.44 .071 
62.09 .070 



61. 6K 
G1.40 
61.22 
61.17 
61.16 
61.09 
61.04 
60.93 
60.30 

60.20 



.074 (61.8) 

.048 

.089 (61.4) 

.077 

.093 

.070 

.090 

.073 

.088 (60.4) 



I 



.068 
60.06 I .079 
60.04 I .078 (60.3) 
60.02 1 .074 (59.8) 



SlTBRA2<ti 4. TONAIX)8E. 
(II. 4, .3, 4.) 



TonalJte 

Granite „.,. 

Daclte 

Quahx-ijiieaHllorlte „ 

Pyjrijhyrlte 

Qimrtz-tioiit4<^ , , . . . 

tiimrtJE'tiilm-dloHlc ,* 
Hornbltndi.--ibirILu . . . 
Aiidmdte 



do,... 

Tmchyte . 
Andeslle . 
Dlrsflte ... 



Bom blf^n^e- pnrpby- 

QimTtsj-mlc-ft-dlorl It? . . 

Andesite 

Hornblende- iM»rphv- 
rite. 

Andesite 

Syenite 

, Mica-diorite 

Andesite 

Ande8ite-porphyr>' . . . 

I Andesite 

...do 

...do 

...do 



Adamellu StixJc, TywA **...,*.„„_, 

Gratiitv Cnsek Statli>n. Kev ..........' 

Cumbal, Colombia, Bouth America... i 

Elet'trJc I'eak., VelluwHtouc Park 

Lcaidville distric;, Colo. .„....,..*„. 

Tynil ...........,.,,, 

Klet'trtc Peak. Yellowatone Park. .. . . 

CtiioniJjJa, South Americ* , 

Suppunrt Muimtaiii, Ti.'hamd C4>uuty> 
Ciil.. 

Mourn Hoodt Oreg .,**., .*,... 

HtJury Mountains, Utah* ^.., *.*,,.*.. 

Mount Shaffta, Cal. 

Gunnison County, Colo , 

Henuitii Peak, Ctylo ...,*.„*.,*.*..*. 



lioeenbUBch, El., 140.— W. T. 
Fortieth Par., 1, 110. 
J. G., 1, 171.- W.T. 
Bull. 168, 88.— W. T. 
Bull. 168, 156.— W. T. 
Rosenbusch, El., 140. 
Bull. 168, 87.— W. T. 
J. G., I. 171.— W. T. 
Bull. 168. 182.— W. T. 

Fortieth Par., I. 604. 
Bull. 168, 167.— W. T. 
Bull. 168, 176.— W. T. 
Bull. 168, 159.— W. T. 
Bull. 168, 164.— W. T. 



MaripoMf County, Cal | Bull. 168, 209.— W. T. 

Shasta County. Cal I Bull. 168, 181.— W. T. 

Nevada City, Cal ' Bull. 168. 194.— W. T. 



Mount Shasta. Cal 

lik'flongpbfr>fe, f^iJeAta 

KItrtHii Pi^rtkt ycllowHtiiiiK Park 

Shasta'County, Cal 

Crandall Basin, Wyo 

Colombia. South America 

do 

Tuscan Buttes, Cal 

Sepulchre Mountain. Yellowstone 
Park. 



...do 

...do 

...do 

...do 



Pilot Peak, Plumas County, Cal . 

Colombia, South America 

Shasta County, Cal 

Sierra County, Cal 



Bull. 168, 176.— W. T. 
N. J.. 1898, XII, 234.— W. 
Bull. 168, 87.— W. T. 
Bull. 168, 183.— W. T. 
Bull. 168, «4.— W. T. 
J. G., I, 171.— W. T. 

Do. 
Bull. 168, 181.— W. T. 
Bull. 168. 90.— W. T. 

Bull. 168, 188.— W. T. 
J. G., I, 171.— W. T. 
Bull. 168, 181.— W. T. 
Bull. 168, Its.— W. T. 
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CHEMICAL COHPOSrnOX OF lOXEOCd ROCKS. 


















.«W0 






iM.63 .079 «S^»i 



.(1^75 /«.•.». 
.M2 



.066 

,0» (56.9; 



Aat]wyr'« iwme. 



DWirib^ 

Andeiite 

AreTBflie of WD fapMv 
olMrnifkA. 

AnOftsite 

4r> 

Diorite 

VfAt^tt 

WariU 

Xretmgt of W! Mm^ 
om Tfftk*. 

AndeaiU; 

d/* 

IfUtiitt 

Andc^iu^ 



Lnrmlity. 



Befereoee. 



VfMvtlMl. Tjrol Rrjfienbweh. EL. 140l 

NearLmen Peak. CaI Ball. 16i«. !«.— W. T. 

Amerira Bull. 1«*. 12.— W. T. 

Bed Blall, MoDC Ball. I«*. 114.— W. T. 

flerm Cotmtj. Od BalL 16K 198.— W. T. 

<)yui MJgnel Mocmuiu. Colu BoU. 10». liS4.— W. T. 

EiikdAle. ScoclADd 

I'nAlMkA Intend BalL 1«. >aSL— W. T. 

Gn»t Britain G«ol. Ma^.. 1«9. 239.— W. T. 

Near LaM^n Peak. Tehama Coantj. Ball. 16^. 1?^— W. T. 
Cal. 

SepQlehre Moon tain. YellowsCooe Bnll. l&^, 9a— W. T. 

Electrie Peak, YeUowvtooe Park Bull. 168, K7.— W. T. 

Heoalchnr Moontain, Yelknrrtone BaU. 16fi, 90.— W. T. 



M.«7 
«0.40 I 



O.OM 
.OGH 



i^rnmAJUi 5. PLACEBonc 
• IL 4.S.5.; 



Granite Placer Coonty. OU Bull. 168, 19«.—W. T. 

AndeiHte St. Aogruotine Volcano, Cook Inlet .. . Bull. 168, 226.— W. T. 



»».4H i 0,023 



Baxg 4. Bakdajbb. 

SVMMJLSta 1. Saqamokk, 
(II. i. 4, 1.^ 



Tijmallte Holdzawa, flagami, Japan. 



W. T. 



8UBRAK6 3. BAJVDOei. 

(XL 4, 4, 8.) 



61. W 


0.067 




M.e6 


.062 




66.74 


.047 




ii6.51 


.068 (66. 


7-. 066) 


66.41 


.062 




66.31 


.044 




65.97 


.062 





IHorite Kadiak loUnd, Alaska I Bull. 168. 227.— W. T. 

Ande«ite Bandai San. Japan W. T. 

IHatMwe-porphjrry .... Mount Morrison, Colo | Bull. 168, 141.— W. T. 

Quartx-baMilt Near Loawn Peak, Cal Bull. 168, 185.— W. T. 

Diorite (Jcorgetown, D. C 1 Bull. 168, 44.— W. T. 

••8ohllerf"lnKTanlte Rienenirebirge, Silesia ; N. J.. 1»9«. XII. 235.— W. T. 

Diorite Triadelphia, Md I Bull. 168, 44.— W. T. 



Rang 5. 



RUBRANO 3. 

(II. 4,5,3.) 



61.62 0.015 



Diorite Kagelholnudn, Sweden . 



... R. T., 1879, XXXn. 



Silica 
con- 
tent. 



61. 2H 
58.04 



Allcali-silirR 
ratio. 



ROCK ANALYSES USED IN CONSTRUCTING DIAGRAMS. 

Clamfied list of oiudyRes used in conMrud'mg diagranttt — Continued. 

Order 5. Germanare. 
Rang 1. Umptekaae. 

SUBRANG 2. HI0HW00D08B. 
(II. 5.1,2.) 

Locality. 
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Author's name. 



Syenite ' Tuolumne County, Ca.\ . 



Reference. 



Bull. 168, 2W.— \V. T. 
Trachyte , High wood Mountains, Mont \ Bull. 168, 131.— \V. T. 




SrBRANU 3. ILMENOHE. 
(II. 5, 1, 3.) 



Umptekite 

S<Klalite-trachyte 
Leucite-trachyte 



Beverly, Mass 

Monte Santo, Naples, Italy. 
Viterbo, Italy 



T. M. P. M.. XX. 248.— \V. T. 
A. J. 8., VIII. 1899. 290.— W. T. 
J. G., V, 370.— W. T. 



64.28 


0.156 


63.71 


.152 


62.70 


.162 


ao. 50 


.159 


59.66 


.180 


59.01 


.171 


68.90 


.181 


58.81 


.163 


58.46 


.162 


57.52 


.172 


57.00 


.170 



56.39 
55.85 
55.46 
55.21 
51.05 



Solvsbergite 

Umptekite 

Solvsbergite 

Hedrumite 

Nephelite-syenitc 
do 



. Xephelite-solvsberg- 
Ite. 

Soda-syenite 

Nordmarkite 

I Hedrumite 

Heumite , 



SVBRANO 4. UMPTEKOHE. 

(II. 5, 1,4.) 

Andrews Point, Mass J. G., VII, 481.— W. T. 

Kola, Finland Roeenbusch. El., 112.— W. T. 

Laugendal. Norway E. K., 1, 199.— W. T. 

Osto, Norway E. K., 111. 377.— \V. T. 

Crazy Mountains, Mont Bull. 168, 123.— W. T. 

Red Hill, N. H Bull. 1(W. 23.— W. T. 

Aklungen, Norway E. K., 1, 199.— \V. T. 



Laupstadeld, Norway 

Cabo Frio, Brazil 

Brathagan, Norway . . 
do 



B. M. A.. 1898. VII. 48.— W. T. 
T. M. P. M.. XX. 244.— W. T. 
E. K.. Ill, 190 —\V. T. 
E. K.. HI. 116.— W. T. 



I 



Rang 2. Monzonase. 

SURRANO 2. CiMINOSE. 

(II. 6,2,2.) 



0.110(56.6) I Mica-trachyte Monte Catini, Italy... 

. 1.57 Leucite-phonolite ' Bolsena, Italy 

.107 j Ciminite.^ Monte Cimino, Italy . 

.151 I licucite-trachyte | Viterbo, Italy 

. 125 ! Durbachite i Schwarzwald, Baden . 



. A. J. S., IX, 1900, 47.— W. T. 

.| J. G., V, 370.— W. T. 

.^ A. J. S., IX, 1900. 44.— W. T. 

.| J.G., V. 370.— W. T. 

.1 W. T. 



SUBRANO 3. MONZONOSE. 

(II. 6.2,3.) 



61. (i5 

60.56 
69.78 
68.18 1 



0.113 



. 140 
.134 



Syenite ... 

Granite... 
Syenite ... 
KerRantite 



Yogo Peak, Little Belt Mountains. 
Mont. 



Bull. 168. 125.— W. T. 



Elliott County. Ky ' Bull. 168. 56.— W. T. 

Custer County, Colo Bull. 168, 151.— W. T. 

Tito, Chile Z. I>. G. G.. U. 4.— W. 



T. 



^) 



•:h3XI«:jj: •:iMO»»?cro-5jt •-«• &v5Tir-- ^t't- 
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/7.3 


UM- 


-*.-^ 


:■* 


«.& 


a* 


«l2 


IdC 


H^l* 


ii» 


'M.e 
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M. # 
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CHuMlfied llM of aiialffM'H iMefl hi roiuttnirthtg diagnwn — Continued. 

SrBRANti 3. Shorhonoke. 

(II. 5, 3, 3.) 



Silica I 
con- ' 
tent. 



Alkali-niliea 
ratio. 



Antlior'M name. 



I^ocality. 



r)9.41 
58.51 
67.97 
56.90 
56.78 
56.19 

56.06 
55.69 
54.56 
64.14 
53.49 
52.93 
52.59 
52.49 
52.33 
52.11 
51.00 
50.96 
50.08 
50.06 
49.69 
48.25 
47.50 
46. 5:1 



0.102 
.096 (68.8) 
.083 (57.8) 
.097 
.098 
.092 

.107 

.100 (56.6) 

.076 (.075) 

.077 

.104 

.132 

.099 (62.7) 

.102 

.108 

.097 (51.8) 

.115 

.120 (50.7) 

.187 

.110 

.107 

.118 

.117 

.140 



Aiidefiito 

MicaMliorit*'. 
I DioriH' ...... 

Syenit*' 

Latitf 

ilo 



Shofthunite 

Vulsinite 

Andesitc 

do 

Shoehoniti; 

Banakite 

Basalt 

ShoNhonito 

Augite-iK)ri>hyy . . . 

Basalt 

Monzonite 

Mondhaldeite 

do 

Shoftbonite 

Ba.««ilt I 

Dolerite ! 

Labrador-porphyrite . 
U'Uclte-nunH'hiquite . I 



Caljo da Gata, S|)ain 

CryHtalR Falls, Mich 

Crazy Mountains. Mont . 

Denver Basin. Colo 

Clover Meadow, Cal 



Table Mountain. Tuolumne County, 
Cal. 

Two Ocean Paas, Yellow8t(»ne Park . , 

Rocea Monfina, Italy 

Radicofani, Italy , 

do 

Beaverdam Creek, Yellowstone Park 

....do 

Table Mountain, Colo 

Pyramid Peak, Yellow^.stcme Park 

Cottonwood Creek, Mont 

Crandall Basin. Wyo , 

Highwood Mountains, Mont 

Mondhalde, Kaiserstubl, Baden 

....do 

Lamar River, Yellowstone Park 

Denver Basin, Colo , 

do 

Gran, Norway 

Bohemian Mittelgebirge 



Reference. 



Z. D., g. G.. XLIII, 719.— W. T. 

Bull. 168. 67.--W. T. 

Bull. 168. 122.— W. T. 

Bull. 168, 140.— W. T. 

Bull. 168. 205.— W. T. 

Bull. 168, 205.— W. T. 

Bull. 168, 100.— W. T. 

J. G., V, 368.— W. T. 

A. J. S., IX. 1900, 52.— W. T. 

Do. 
Bull. 168. 100.— W. T. 
Bull. 168. 102.— W. T. 
Bull. 168, 140.— W.T. 
Bull. 168. 100.— W. T. 
Bull. 168, 112.— W. T. 
Bull. 168. 92.— W. T. 
Bull. 168. 133.— W. T. 
W.T. 

Do. 
Bull. 168. 100.— W. T. 
Bull. 168, 140.— W. T. 

Do. 
Q. J. G. S., L. 33.— \V. T. 
Rosenbiwch, El., 236.— W. T. 



BrBKANO 4. AND06K. 

(11. 5, 3, 4.) 



58.46 
58.42 
58.05 
57.64 I 
57.59 I 

67.:jh 

67.32 I 
67.26 
57. 26 , 
67.17 I 



0.080 
.099 
.083 

.104 (67.8) 
.070 (57.8) 
.071 (57.1) 
.098 (67.6) 
.102 
.067 
.079 



Dioritc 

Andesite 

Diorite 

Augite-porphyrltc . . . 

Quartz-basalt 

Pyroxene iM>rphyry . 

Monzonitf 

Diorite 

Quartz-lMisitlt 

.\.nde>«ito 



57.11 j .084 (67.6) 
66.91 , .086 

.074 (66.6) 

.112 (67.1) 

.104 

.076 

.090 

.091 (66.9) 

.103 (66.8) 

.095 



56.70 
56.49 
66.21 
56.19 
56.09 
56.07 
66.93 
66.92 



'66.80 
56.ai . 



.076 
.093 



Pen Maen Mawr, N. Wales 

Taal, Luzon, P. I , 

Electric Peak, Yellowstone Park 

Oandall Basin, Wyo 

Silver Lake, Lassen, Cal 

Electric Peak, Yellowstone Park 

Crandall Basin, Wyo 

.-..do 

Cinder Cone, Lassen, Cal 

Sepulchre Mountain, Yellowstone 
Park. 

Mill Creek. Lassen, Cal 

Colombia, South America 

Cinder Cone, Lassen, Cal 

Little Falls, Minn 

Gabbro-dloritc Crandall Basin, Wyo 

Andesitc Buffalo Peaks. Colo 

Diorite Carapo Major, Portugal 

Andesite Bogoslof Island 

Gabbro-<liorite Crandall Basin, Wyo 

Andesite Sepulchre Mountain, YellowsUme 

Park. 

Diorite (norite) Klatisen, Tyrol 

Norite Montrose Point, N.Y' 



do 

do 

Quartz- basalt 
Diorite 



Q.J. G.S., XXXIII. 42t. 
N. J., B.B..I, 1881.481. 
Bull. 168,87.— W.T. 
Bull. 168, 93.— W. T. 
Bull. 168, 185.— W. T. 
Bull. 168, 87.— W. T. 
Bull. 168, 93. -W. T. 

Do. 
Bull. 168.184.— W.T. 
Bull. 168,90.— W.T. 

Bull. 168, 182.— W. T. 
J. G., I, 171.— W. T. 
J. G.. I, 184.— W.T. 
R.T., 1879, XXXIV. 
Bull. 168, 93.— W. T. 
Bull. 168, 158.— W. T. 
E. K., II, 37.-W. T. 
Bull. 168, 227— W. T. 
Bun.168, 93.— W.T. 
Bull. 168, 90.— W. T. 

E. K., II. 37.— W. T. 
W.T. 
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Cffusiju'tl liM of analf/Meji xined in ctmMnirthig diaz/mmji — Continued. 

SlBRANO 4. AXtKISE— ('^ntiiuu'd. 



52.ri3 
52.38 
52.37 
52.37 
62.27 
62. 12 
52.09 
51.57 
51.64 
60.99 
60.97 
50.73 
50.56 
49.40 
49.24 
49.04 
48.90 
48.86 
48.76 
48.18 
48.06 
44.85 



56.08 
52.58 
47.21 



.082 (52.7) 

.093 

.084 

.082 (51.8) 

.095 

.095 

.085 

.090 

.110 

.101 

.112 (50.6) 

.099 

.079 

.087 

.092 (49.7) 

.110 

.090 

.131 

.105 

.093 

.084 

.110 



SiUca 
con- 
tent. 


Alkali-Silica 
ratio. 


55.20 


0.075 (55.4) 


55.13 


.107 


54.62 


.075 


64.66 


.108 


54.52 


.092 


53.94 


.086 


63.89 


.099 


63.71 


.098 


53.48 


.089 


63.10 


.134 (53.2) 


52.97 


.107 


52.91 


.119 



Author'fl name. 



0.081 
.073 
.109 



67.47 
56.94 
56.53 
55.14 



0.0T2 
.074 
.062 
.076 



Andesite 

Diorite 

Andesite 

Diorite- p«»rphy rite. . 

Diabaw 

Dolerite 

Basic ande8iti<* glass. . 

Mica-Kftbbro 

Quartz-diorite 

Cx)vite 

Ba«aU 

Diabaxe -Hvenite -por- 
phyry. 

Btusalt 

do 

do 

do 

do 

Diorite 

Basalt 

do 

Andesite 

Camptonite 

Kersantite 

Diorite 

Basalt 

Faciea of inonztmite. . 

Dolerite 

Ba.salt 

Diorite 

Kssexite 

Ba.«wlt 

01 i vine-diabase 

Kersantite 

Nephellte-tephrite ... 



Locality. 



Reference. 



Butte County, Cal Bull. 168, 182.— W. T. 

Neihart, Mont j Bull. 168, 127.— W. T. 

Luzon, P. I I N.J.,B.B.. 1,1881,471. 

Crazy Mountains, Mont ' Bull. 168, 1'Jl.—W.T. 

Diabas(> Hills.Nev F»»rtieth Par., 11,812. 

do Do. 

Indian Ridge, Wyo Bull. 1»J8, 92.— W. T. 

Crandall Basin, Wyo Do. 

Crazy Mountains, Mont Bull. 168, 121.— W. T. 

Nosey Komba, Madagascar M. M., 204. 

Pikes Peak district, C^lo Bull. 168, 145.— W. T. 

Holmestrand, Norway _ Z. K., XVI. 28.— W. T. 



Shasta County, CJal 

Rio Grande, N. Mex 

Absaroka Range, YelU)W8tone Park . 

Rio Grande, N. Mex 

do 

Mount Ascutney, Vt 

Crandall Basin, Wyo 

Rio Grande, N. Mex 

BogOHlof Island, Alaska 

Ishawooa Canyon, Wyo 

Guanta, Chile 

Crazy Mountains, Mont 

Plumas Ct)unty, Cal 

Predazzo, Tyrol 

Ferdinandea 

Buffalo Peak, Colo 

Schwarzenberg. Vot^es 

Mount Johnson, Quel>ec 

Pikes Peak distrii't. Colo 

Biella, Piedmont 

Laugeudal, Norway 

Mittelgebirge, Bohemia 



Bull. 168, 186.— W.T. 
Bull. 168, 169.— W.T. 
Bull. 168, 109. —W.T. 
Bull. 168, 169.— W.T. 

Do. 
Bull. 168, 25.— W.T. 
Bull. 168, 92.— W\T. 
Bull. 168, 169.— W.T. 
Bull. 168, 227.— W.T. 
Bull. 168, 110.— W.T. 
Z.D.g.G.,LI,4. 
Bull. 168, 122.— W. T. 
Bull. 163, 189.— W. T. 
E. K., II. 102.-W. T. 
T. M. P. M., 1883. 393. 
Fortieth Par.. I. 676. 
Rosenbusch, EL, 140. 
J. G., XI. 265. 
Bull. 168, 145.— W. T. 
R. T.. 1884, XLII. 
E. K., III. 376.— W. T. 
Rosenbusch, El., 346.— W. T. 



SUBKANO 5. BEERBACHOSE. 

(II. 6, 3, 6.) 



Andes! te-basalt. . 

Andesite 

BeerlMichite 



Shasta County, Cal ... . 

S.W.Tlflis 

Odenwald, Uvsae 



Bull. 168, 176.— W. T. 
Z. D. g. G., XXIX, 82:}. 
Rosenbusch, El.. 219.— W. T. 



Rang 4. Hessasb. 

subrang 3. he8808b. 

(II. 5, 4, 8.) 



Basalt 

Anorthosito 

Andesite 

Secretion in dacite . . 



Cascade Range, Oreg 

Elizabethtown, N. Y 

Plumas County. Cal 

Lassen Peak, Cal 



Bull. 168, 223.— W. T. 
Bull. 168. 87.— W. T. 
Bull. 168, 181.— W. T. 
Boll. 168. 179.— W. T. 
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Silica 
eon- 
tent. 



ft3.91 
53.36 
53.18 

53.00 
52.95 
52.16 
52.05 
51.27 
49.93 
49.88 
49.80 
49.15 
48.29 
47.94 
47.88 
46.71 
46.45 
45.20 
44.72 
43.42 
43.19 



Classified list, of analyses used hi constructing diagrams — (Continued. 

RANii 4. HES8A8E — Continued. 

SUBRAN<} 3. Uesmme— (km tinned. 



Alkali-Hillea 
ratio. 



i 



I 



0.066 
.063 
.082 

.070 

.073 (52.7) 

.074 

.075 (51.7) 

.064 

.074 

.067 

.049 

.095 

.039 

.060 (47.5) 

.065 

.036 

.017 

.071 

.047 

.044 

.094 



Author's name. 



Locality. 



Dolerite 

Secretion in dacite. 
Anorthosite. 



Diorite 

Basalt 

Monzonite 

Diorite 

do 

Dolerite 

Olivine-gabbro . 

Gabbro 

do 

Oabbro-diorite . 

Baaalt 

Gabbro 

Olivine-gabbro . 

....do..: 

Diorite 

Coraite 

Gabbro-diorite.. 
Basalt 



i 



I'lnmafi County, Cal 

I^UHsen Peak, Cal 

Whiteface Mountain, Adirondacks, 
N.Y. 

Schwarzenburg, Vosges 

Shasta County, Cal 

Predazzo, Tyrol 

Ouray CJounty, Colo 

Little Falls, Minn 

Patemo, Etna, Sicily 

Pigeon Point, Minn 

Crystal Falls, Mich 

Duluth, Minn 

Minnesota Falls, Minn 

Shasta County, Cal 

Elizabethtown, N. Y 

Langenlois, Austria 

Minnesota 

Tuc d'Ess, Pyrenees 

Poudi^re, Auvergne 

Ilchester,Md 

Westphalia 



Reference. 



Bull. 168, 189.— W. T. 
Bull. 168. 180.— W. T. 
Bull. 168. 36.— W. T. 

RoHenbusch, El., 140. 

Bull. 168, 186.— W. T. 

E. K., II, 25.— W. T. 

Bull. 168, 161.— W. T. 

R. T., 1879, XXXIV. 

R. T., 1884, LXXX. 

Bull. 168, 76.— W. T. 

Bull. 168, 67.- W.T. 

RoHcnboseh, El., 151. 

Bull. 168, 83.— W. T. 

Bull. 168, 176.— W. T. 

BuU. 168, 37.— W. T. 

R. T., 1879, XXXVin. 

Bull. 168, 82.— W. T. 

C. G. I., VIII, 1901, 812.— W. T. 

R. T.. 1879, XXXVI. 

Bull. 168, 44.— W. T. 

R. T., 1879, LXXIV. 



44.04 
43.41 



0.027 
.020 



Rang 6. Corsase. 

(II. 6, 5.) 



Diorite I Stone Run, Md | Bull. 168. 46.— W. T. 

Olivine-gabbro ' Tuolumne County, Cal I Bull. 168. 206.— W. T. 



Order 6. Norgare. 



Rang 1. Laurdalase. 

SUBBANQ 2. FEROU808B. 
(II. 6, 1, 2.) 



51.75 0.147 



Pseudoleucite-syenite Highwood Mountains, Mont . 



Bull. 168, 133.— W. T. 



SUBRANO 8. JUDITHOSB. 
(II. 6, 1, 3.) 



57.63 
57.46 
53.09 
52.91 
51.94 



0.198 
. 196 (57. 3) 
.226(53.2) 
.224 
.157 



Tinguaitc 

do 

Foyaite 

Leucite-tinguaite 
Trachyte 



Judith Mountains, Mont 

Bearpaw Mountains, Mont. . . 

Magnet Cove, Ark 

....do 

Highwood Mountains, Mont . 



A. J. 8.. II, 1896, 192.— W. T. 
Bull. 168, 136.— W. T. 
J. O., IX, 611.— W. T. 
I. R. A., 287.- W. T. 
Bull. 168, 131.— W. T. 
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Clamfied lint of amdy»es vned in cojiMnicting diagrams — Continued. 

SUBRANU 4. LaURDALOSB. 

(II. 6, 1. 4.) 



Silica 
con- 
tent, i 



&9.88 

56.35 
55.90 
56.65 I 
55. IB I 
.H.55 
54.04 . 
58.81 
58.73 
51.96 
50.96 , 

47.61 I 
45.16 



Alkali-silica 
ratio. 



C.188 
.242 
.211 
.209 
.225 
.162 
.192 
.233 
.192 
.214 

.156(51.6) 
.229 

.190 
.196 



Author's name. 



I 



Locality. 



Hednimite 

TiuKiialte 

Laurdalite 

Tinguaite 

do 

Syenite 

Laurdalite 

Leucite-tinguaite 

Syenite-pegmatite 

Nepbelite-syenite 

Soda-minette 

Leneite-nephelite- 
syenite. 

Tinguaite 

Olivlne-laurdalite . . . . 



UiKlnim, Norway 

....do 

FarriM, Norway 

Foya, Portugal 

Hednim, Norway 

....do 

Lougendal, Norway 

Magnet Ctove, Ark 

Stoluund, Norway 

Transvaal 

Langemmdsf jord, Norway . 
Magnet Cove, Ark 



Two Buttes, Colo. 
Farris, Norway... 



Reference. 



E. K., Ill, 377.— W. T. 

E. K., 1, 199.— W. T. 

E. K., Ill, 375.— W. T. 

T. M. P. M., XVI, 262.— W. T. 

E. K., I, 199.— W. T. 

E. K., lU, 375.— W. T. 

Do. 
I. R. A., 287.— W. T. 
Z. K., XVI, 116.— W. T. 
Rosenbusch, El., 126.— W. T. 
E. K., II, 876.— W. T. 
I. R. A., 276.— W. T. 

Bull. 168, 166.— W. T. 
E. K., Ill, 875.— W. T. 



52.06 0.132 
51.35 ' 



50.24 
50.15 
49.70 

47.8 



.165 

.153 (49. 9-. 164) 

.142 <49.K; 

.167 

.204 



Rang 2. Ebsezaise. 

SCBBANG 8. BOROLANO0E. 

(II. 6, 2, 3.) 



Monzouite I High wood Mountains, Mont 



Nephclite-felsiU>. 
Leucite-tc>phriU'. 

ShonkInit<i 

Covite 

Borolanite 



Magnet Cove, Ark 

Bolsena, Italy 

Maros, Celebes 

Magnet Cove, Ark 

Lake Borolaii, Scotland 



Bull. 168, 138.— W. T. 

I. R, A., 263.— W. T. 

J. O., IV, 661.— W. T. 

G. C, 24. 

J. G., IX, 612.— W. T. 

Rosenbusch, El., 126.— W. T. 



HUBRANO 4. EaSEXUSE. 

(11.6,2,4.) 



.->5.07 
64.34 
5L90 
51.10 
50.60 
60.26 

49.90 
48.69 
48.46 
48.35 
47.94 
47.67 
46.48 



0.162 
ATA 
.210 
.178 
.148 
.210 

.155(49.3) 

.151 (49. 0-. 

.'243 

.161 

.150(48.3) 

.160(48.0) 

.162 



160) 



Rhombcnporphyry . . . 

Nephelite-sycnite \ 

Laurdalite , 

Covite 

Nephelite-monzonite . 

Nephelite-syenite- 
porphyr}'. 

Leucite-kulaite 

Olivine-ewsexite 

Heumite 

Kulaite 

Essexlte 

Therallte 

Monchiquite 



Stoksund, Norway 

Cripple Creek, Colo 


Z. K., XVI, 116.-W. T. 
Bull. 168, 144.— W. T. 
E. K., in, 875.-W. T. 
M. M., 204. 

T. M. P. M., XIV, 98, 99.- 
K. A. W. W., CXI, I, 276. 

J. (}., VIII, 613.-W. T. 
J. G., XI, 266. 
E. K., Ill, 376.— W. T. 
J. Q., VIII. 613.-W. T. 
Rosenbusch, El., 1?2.-W. 
Bull. 168, 124.— W. T. 
Rosenbusch, El., 235.— W. 




Lunde, Norway 

Nosy Komba, Madagascar 




RongBtock, Bohemia 

Vlerzena, Tyrol 

Kula, Asia Minor 

Mount Johnson, Quebec 

Lougendal, Norway 

Kula, Asia Minor 

Salem Neck, Ma« 


-W. T. 
T. 


Alabaugh Creek, Mont 




Rio de Janeiro, Brazil 


T 
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Clamjied lid of analytses used in eonsinicting diagrams — Continued. 
Rang 3. Salbmase. 

8UBRANe4. SaLEMOSE. 
(II. 6, 3, 4.) 



Silica 
con- 
tent. 



50.47 
49.95 
48.50 
46.40 
45.82 
43.66 



Alkali-silica 
ratio. • 



0.132 
.132 
.138 
.151 
.110 
.142 



Author's name. 



Augite-diorite 

Microessexite 

Essexite 

Augite-diorite 

Homblende-gabbro . 
Eaaexlte 



Locality. 



Silver Cliff, Colo 

Nosy Kamba, Madagascar 

Jangoa. Madagascar 

Ullemas, Norway 

Salem Neck, Mass 

Cabo Frio Island, Brazil 



Reference. 



Bull. 168, 147.— W. T. 
M. M., 204. 

Do. 
Z. K., XVI, 49.~W. T. 
J. G.. VII, 68.— W. T. 
Rosenbusch, El.. 1?2.— W. T. 



47.80 



45.76 
45.11 



0.137 



0.086 
.090 



Basalt. 



Gabbro . 
Diorite . 



SUBRAN0 5. 

(II. 6, 3, 5.) 



Pedregal, Mexico W. T. 



1 



Rang 4. 



SUBBANG 3. . 

(II. 6, 4, 3.) 

Rosswein, Saxony 

Lindenfeld, Hesse i W. T. 



N. J.. 1893, II, 508.— W. T. 



51.93 0.278 



54.14 
52.25 
51.94 
50.63 
48.86 



0.238 
.255 

.208 (51.6) 
.•271 
.234 



Order 7. Italare. 

Rang 1. Lujavrase. 

SUBRANG 3. JaNEIROSE. 

(II. 7, 1, 3.) 



1 Leucite-tinguaite ' Bearpaw Mountains, Mont Bull. 168, 136.— W. T. 



60.32 0.157 
49.73 .158 (49.6) 
47.89 .161 (47.8) 



SUBRANO 4. LUJAVR06E. 
(II. 7, 1. 4.) 



Lujavrite Tschasnatschorr, Finland 

Chiblnite Umptek, Finland 

Camptonitic tingnalto Picota, Portugal 

Ncphelite-porphyry . . Laugendal, Norway 

Allochetite Allochet, Monsoni. Tyrol 



I , 



I Rosenbusch, Kl., 126.— W. T. 
\ Fcnnia, XI. 2, 132. -W. T. 

T. M. P. M., XVI. 272.— W. T. 

K. K., Ill, 157.— W. T. 

A. W. W.. 1902, Am. XXI. 



Rang 2. Vultitrasb. 



SUBRANG 2. 



(II. 7,2,2.) 



Basanite 

Leucite-tephrite . 
Leucitite 



Vesuvius j R. T., 1861, 25. 

Bracciano, Italy ' J. G., V, 370.— W. T. 

do ! Do. 



•| 
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CUtmjied lui of aenalymnt *u^ in *fmitntftiitig diofprtau — Continiied. 

(IL 7. 2,3w) 



tent ~^ 



«.« 


»).1«»7 


B-«nite 


>CB«A.X»T L VrLTr««»K. 


R T.. 1-^1. 2JS. 












11. 7. i i.) 




•CL-tf 


O.J» 


Hji«i3rn*>f>hrre ... 


XeW, ItalT 


RmraboHrli. EX.. X>7. 














Ra-V.; 3. . 

. U. 7. J, 3. 




«r.* 


o.tw 




H*<et.>A XoaiinA. Italy 


J. •;., V. 370.— W. T. 








Ordeb s. Camfa>-aril 

RiXG I. . 

.IL H. L3.) 






a. 357 


Tlnntuufie 


Be^merriOe. 5. J 




50100 


BixiL Mnik C«MKi^ ZooL, X X X VUL 

woe n.— w: T. 


«.« 


-JM 


LtMictCite 


« . _ . - 


W. T- 
















. IL A. 1. 5. . 




-C7I3 


0.3SI 


S«)«|j*-*«»«*exi«B-.. 




Bl C G. F.. XI ••'» — W T 














R%XO 2. VBSTTA^iK. 










2JCM-k5U 2. VBRTVOn. 








LiHttriusbMUute 


< tL \-*,'Li 




C.71 


0.157 


: Lifcv»ofM3t.Vemr1» 


W.T. 


C.tfS 


.UiT 


ih> 


ljkT% <>f VfT^, '^'onymB. 


W.T. 


CT S8 


l*4i> 


L*fticitx>phTn» 

di> 


V^RlTtOB ... ... - .- 


R.T UftM^ LVL 


4B.30 


.MO *M.'ZS 


do 


R. T., IW4, LVm. 









Order 9. Lapparr. 

RaSG L riTAdB. 



a.:a 



Arkfia I IbmaetOm, Ark I 1. 6^ DL CML—W. T. 
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Clamfied list of analyses used in cnnstmcting diagrams — Continued. 

SrBRAXii 4. URT08E. 

(II. 9,1.4.) 
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Silica 
eon- 
tent. 



I 

Alkali-silica ! 

ratio. I 



Author'8 name. 



Locality. 



Reference. 



45.46 


0. 397 


45.43 


.391 


46.28 


.418 


43.02 


.378 



j unite Lujavr Urt. Kola, Finland G. F. 8. F.. XVIII, 462.— W. T. 

do do I)o. 

do do Rosenbuwh, EL. 126.— W. T. 

Ijolite, rich in nephe- Knuosamo. Finland B. C. G. F., XI, 17.— W. T. 

lite. 



CLASS III. SALFEMANE. 

Order 8. Atlantare. 
Rang 1. Rockallase. 









(IIL 3, 1, 2.) 




68.75 


0.144 


Pantellerite 


Pantellaria 


Z. K.. VIII. 179.-W. T. 




SVBRANG 5. ROCKALLOSB. 








(IIL 3,1.5.) 




73.60 


0.091 


Rockallite 


Rockall Inland, Atlantic Ocean 


Geol. Mag.. VI. 163.-W. T. 




Order 4. Vaalare. 








Rang 3. Vaalase. 








ST'BRANO 4. VaAIX)8E. 








(IIL 4.3.4.) 




53.39 


0.068 


Quartz-gabbro 


Harz 


R. T.. 1884, XXXIV. 


53.35 


.067 (52.8) 
.047 (52.9) 


Ba8alt 


Teanaway River. Kittitas County, 
Wash. 

Cape Colony, Africa 


Bull. 168, 226.— W. T. 

N. J., 1887, V, !M9.— W. T. 


52.67 


Olivine-diabase 


52.22 


.048 (5L9-.051) 


Olivine - diabase - por- 
phjrrite. 


do 


Do. 






Ran<4 4. . 

SUBRANO 3. . 








(III. 4, 4, 3.) 




.V». 18 


0.036 Diorite 


Washington, D. C 


Bull. 168. 44.— W. T. 


45. 75 


. 027 Melaphvre 

1 


Holraestrand, Norway 


Z. K., XVI. 27.— W. T. 






Rang 5. . 








Olivine-firabbro-dia- 
baae. 


(III. 4, 5.) 




47.00 


0.008 


SolvRberget, Norway 


Z. K., XVI, 27.-W. T. 
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CHEMICAL COMPOSITION OF IGNEOUfcJ ROCKS. 
Ckumfied lint of analyses lued in constructing diagrams — Continued. 

Order 5. (jalxare. 
Rang 1. Orendahk. 

8UBRANU 1. OKENDUHE. 
(HI. 5, 1. 1.) 



49.71 I 0.090 
19.08 .OK-2 
48.36 ' .Om 



Silica 
con- 
tent. 


J AlkAli-dlica 
ratio. 

1 


Auth(»r'R name. 


1 

Locality. 


1 

Reference. 




64.17 
64.08 
68.70 


0.160 
.168 
.160 (68.6) 


Orendlte 

do 

' Wyomingrite 


Leucite Hills, Wyo 

do 

do 


Bull. 168, 86.~W. T. 

Do. 
Bull. 168, 86.— W. T. 




SUBBANG 2. . 

(III. 6, 1. 2.) 


60.28 


0.160 


Wyomingitc 


Leueite Hllta, Wyo 


Bull. 168, 85.-W. T. 












Rang 2. Kilauase. 
subbano 2. prower0o8b. 

(UI. 5. 2, 2.) 


60.41 


0.113 


Hycnitlc lamprophyre 


Two Buttes, Colo 


Bull. 168, 165.— W. T. 










SUBRANO 3. LaMAB()«E. 
(III. 5, 2, 3.) 


48.98 


0.107 
.097 
.099 
.090 (47.5) 


Shonkinito 

Absarokite 

Mica-plcrophyre 

Lenelte-abmrokitc ... 


Yojfo Peak, Mont 


Bull. 168, 128.-W. T. 
Bull. ItW, 99.-W. T. 
R. T.. 1879, XLVI. 
Bull. 168, 97.-W.T. 




48 96 


Hoodoo Mountain Wyo 




47.56 
47.82 


North of Prag, Bohemia 

Sunlight Valley. Wyo 




SUBRANG 4. KllJllTORF.. 

(III. ft, 2. 4.) 


46.52 
13. 35 


0.085 (45.2) 
.099 


BaKalt 

AuifitiUf :... 


Volcano Butte. CiL^tle Mountains 

Mittelgebirgo. Bohemin 


Bull. 16H. ia>.-w. T. 
Rosenbiwch, El., 363. 





Rang 'A, Camitonase. 

SUBRAXO 2. ABHAROKOSK. 
(III. 5. 3, 2.) 



AlN<arokite | Cache Creek, Yellowstone Park . 

Leuclte-baMinite Bolsena, Italy 

Absarokite Clark Fork, Wyo 



Bull. 16K, 99.— W. T. 
J. (;., V. 370.— W. T. 
Bull. 16M. 99.— W. T. 
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Classified lid of analyses used in constructing diagrams — Continued. 

SUBRANG 3. KENTALLENOSE. 

(III. 5, 3, 3.) 
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Silica 
con- 
lent. 


Alkali-sUica 
ratio. 


Author's name. 


Locality. 


Reference. 




.52.09 


0.074 


Kentallenite 


. . Glen Shira, Arffyllnhire. Scotland 


Q. J. G. S., LVI. .537.— W T. 




01.76 


.083 


Ab.sarokitc 


. . Absaroka Iltinge, Yellow>tone Park . . 


Bull. 1G8. 99.— W. T. 




51.6,5 


.107 


Liunprophvre 


. . Cottonwood Canyon, Mont 


Bull. 168, 112.— \V. T. 




50.82 


.075 


do 


. . Antelope and .South Boulder creek.«, 
Mont. 


Bull. 168. 113.— \V. T. 




50 35 


.101 


Olivine-monronite . 


. - j Smaiingen, Sweden 


E. K., 11, 46.— W. T. 










SUBRANG 4. CaMITONOBE. 










(III. 5. 3. 4.) 






54. .56 


0.067 


Quartz-baHalt 


. . Cinder Cone. Cal 


Bull. 168. 185.— W. T. 




53.56 


.077 


Mica-porphyry . . . . 


.. CnindallBa.Min.Wyo 


Bull. 168. 92 — W. T. 




52.35 


.067 


Diorite 


..1 Little Falls, Minn 


N. J.. 1877, 129. 




51.81 


.077 


Gabbro- porphyry. . . 


. . Crunddll Basin, Wyo 


Bull. 168, 9i.—Vi. T. 




51.23 


.076 


Diabase 


.. Halleberg. Sweden 


Rosen busch, El.. 323. 




49. 35 


.074 


Doleritc 


. . , Pantellaria 


T. M. P.M.. 1883,393. 




48.60 


.095 (48.4) 


Nephellte-ba.s*ilt 


. . 'Elkhead Mountains, Colo 


Fortieth Par.. I.. 676. 




48.22 


.084 


Camptonite 


. . Mount Ascutney. Vt 


Bull. 168. 26.— W\ T. 




47.91 


.086 


Basalt 


. . J Washot?, Nev 






47.90 


.094 


Easexite 


. . j Tofteholmen. Norway 


E. K.. II, 375.-W. T. 




47.28 


.083 


Lenc'ite-absarokite . 


. . Ishawooa Canyon, Wyo 


Bull. 168, 99.— W. T. 




47.16 


.077 


Gabbn) 


..i Elizabethtown, N.Y 


Bull. 168, 37.— W. T. 




46.74 


.089 


do 


-1 "" 


Do. 




45.30 


.107 


Ba.salt 


. . 1 Mount Trumbull, Ariz 


Bull. 168, 174.— W. T. 




40.60 


.078 


Camptonite 


.J Maena, Gran, Nonvay 


E. K., Ill, 376.— W. T. 










SUBRANG .5. ORNOSE. 
(III. 5, 3, 5.) 






54.14 


0.074 


Tachylite 

Omoite 


.. Hanover 


R. T., 1879, LXXIV. 




46 11 


.081 (.077) 


, . Omi), Sweden 


G. F. S. F.. XV, 108.— W. T. 
















RAX(i 4. AUVERGNASE. 










Sl'BRANG 2. . 












(in. 5. 4. 2.) 
. . South Boulder Creek, Mont 






50.03 


0.062 (49.4) 


I^mprophyre 


Bull. 168, 113.— W. T. 




46.86 


.06.5 


Diabase-pi tchstone . 


. . , Mcriden, Conn 


Bull. 168, a5.-W. T. 





SrBRAN<} 3. .Vl'VERONOSE. 

(III. 5. 4, 3.) 



M. 13 


0.053 


52. 12 


.(Mfi 


62. 6X 


.a-)7 


51. 78 


.044 


.51.46 


.057 



Diaba.Hc J Jersey City, N. .1 

do I Wintergrecn Lake, Conn 

1 Doleritc Mount Holyoke, Mass 

I Diabase New Haven, Conn 

1 Gabbro ' Sturgeon Falls, Mich 



A. J. S., IX, 1875, 187. 
A.J. S., IX, 1S75, 189. 
A. J. S., IX, 1875, 186. 

Do. 
Bull. 168, 70.— W. T. 
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CUutified iiM of amtlynen nut'fl in roiiftnidinfj ffingrams — Continue* I. 
SuBRANo 3. ArvBRONtJUB— Coniiimod. 



SilicA 
con- 
lent. 



5l.3ti 
.tO.W 
49. H7 
49.63 
49.18 
4H.23 
4H.04 
47.93 
47.90 
47..>l 
47.45 
47.29 
45.66 
44.90 
44.97 
44.77 
43.50 

42.77 
42. CK 



Alkali-ifilica 
ratio. 



0.(M0 
.053 
.062 

.05n{49.5) 
.035 
.0» 
.(M5 

.W7(47.7i 
.043 (47.4'.OtO) 
.070 i47.»<-.079. 
.0K2 
.029 
.049 
.083 
.072 
.067 
.062 



Author's name. 



Locality. 



Reference. 



.063 
.015 



42.03 j .053 (.055) 



BfumM 

do 

do 

DiaboKe 

Bamit 

Norite 

Btumlt 

do 

I)iabti»>e ' 

Basalt 

(iabbn) 

Pyn^xeiie-ttiiegite 

Olivinc-jrabbni 

Pjroxene-ariejfite 

Gabbro 

Basalt 

Honiblende-monrhi- 
quito. 

Olivint'^lialHUH.' 

Ariegile 

Founrhite 



Orange. N.J 

I..a]v<en Peak. Cal 

I*ante11aria 

Motnit .Vwutney. Vt 

Dixko, Greenland , 

Cr>-rtal Falln. Mich 

Ovifak. Greenland 

I'ayneH Creek . Cal 

Fenoke«'-G<^ebi<.' Range, Mich 

Grant. N. Mex 

Saleix. I*>Tfnees 

Lherz. Pyrennew 

Birch Lake. Minn 

Tuc d* Em*. Pyreneej* 

Elizatiethtown. N. Y 

Ko«k Creek. Cal 

Magnet Covv, .\rk , 

Campton. N. II 

Kwcourgc'at. Pyrentvs 

Ifo"n*he Mountain. .Vrk.. 



. Bull. 168. 39.— \V. T. 

. Bull. 16S. IW.— W. T. 

. T. M. P. M.. 18S3,39:^. 

. Bull. 16S, 26.— W. T. 

.| T. M. P. M.. 1874. 120. 

. Bull. 168. 67.— \V. T. 

. T. M. P. M., 1874, 121. 

. Bull. 16S, 186.— \V. T. 

. Bull. 168. 73.— W. T. 

. Bull. 168, 170.— W. T. 

. C. <;. I.. VIII. 1901, 832.-W. T. 

. (\ G. I.. VIII, 1901. 833.— W. T. 

. Bull. ir»8. 81.— W. T. 

. ('. G. I., VIII. 1901. ««.— \V. T. 

. Bull. 168, 37.— W. T. 

. Bull. lf.8. 186.— W. T. 

. Rownbusch, El., 2:J5.— W. T. 

. A. J. H. XVII. 1879, l.iO. 

.: ('. G. I., VIII, 1901, 833.— \V. T. 

.1 I. R. A.. lOH.— W. T. 



Rang 5. Kedauekahe. 

«III. 5. .\) 



48.02 


0.010 


47.09 


.014 


44.76 


.020 


41.64 


.017 (4.'). 1) 


44.38 


.019(43.8) 


4^4.11 


.012 


42.32 


.025 


38.95 


.029 



! Norite McKinse>-M Mill. Md Bull. 168. 4;\—W. T. 

Ariegite Lherz. I»\rt;nee!* ('. G. I.. VIII. IWl. SK.— W. T. 

HnKrsthene-gabbn> . \Vetherc<l vill«'. M<1 Bull. UX. 44.— W. T. 

Ive<latx>kitc Ke^laljek, RiiM*ia W. T. 

Ariegite Lherz, Pyreneen ('. (i. I., VII, lyoi. NJ:;.— W. T. 

Kcdabekite Ke<labek, Rui^ia \V. T. 

! Ariegite Lherz, Pyrem-es C. G. I.. VIII. 1901. 8:5:1.- \V. T. 

dr> do Do. 



Order 0. Portugare. 

Kash 1. Wyo.mi.\(»ame. 

SUBRA.Mi 3. . 

(III. 6. 1,3. J 



50.00 0.110 



Shonkinite ' Bearpaw Mountaln.s. Mont Bull. U)s, i:n\,—\\\ T. 



SUBR.\.VG 4. 

(III. 6.1.4.; 



48.39 
45.72 
12.30 
40.03 



I 



0.121 (48.5) 
.166 
.157 
.140(40.2) 



Aualcite-ljHJttilt Little Bi'lt Mountain.^. Mont Bull. ltV8. 128.— W. T. 

Monchiquite F'lihbcrge*. Baden W. T. 

Nephelinlte Kalzenbuckcl, ( Men wald KcjK'iibiLM^-h. El.. 357. 

C-amptonite Oxford, N.J Ro»»cnbiL>ch, El., 235.— \V. T. 
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Silica 
con- 
tent. 



49.59 

48. as 

47.98 
46.73 
45.19 
43.85 



Classified liM of anahfses used in constrnctimj diagrams — Continueii. 
Rang 2. Moncuiquahe. 

SlTBRANO 3. SHONKINOBE. 
(III. 6.2,3.) 



AlkHli-wilica 
ratio. 

0.139 
.142 (48.5) 
.136 

.088 (45.9) 
.101 (44.8) 
.150 


I 

i Author' 8 name. 

1 

1 Leucitc-Hycnite 

; Shonkinite 


Leucite-bawilt 

Shonkinite 


Nephelite-ba.»«ilt 

Lcucite-monchiquite- 

1 



Locality. 



Reference. 



HIghwood Mountainn. Mont Bull. 168. 132.— \V. T. 

Maros. Celebes G. C. 23. 

Hijrhwooci Mountains. Mont Bull. 168. 132— W. T. 

Sjjuare Butte, Mont B. G. S. A.. VI, 414.— W. T 

BreitflrHt, Hes»8e Roacnbnsch. Kl.. 357. 

Mittelgebirge. Bohemia Roscnbusch. Kl., 235.— W. T. 



48.43 
47.82 
45.59 
45.56 
44.54 



O.IU 
.121 

.110 (45.8) 
ATA 
.124 
43.8-1 i .119 



1 



SuBKAXG 4. Month iQUosE. 
(III. 6,2,4.) 



Honiblende-vogeRite . 



I. 



Hohwald, Klsitss , Roscnbusch, El.. 231. 

Monchi<iuitc Hlghwoo<l Mountain.s, Mont ; Bull. 168, 132.— \V. T. 

Analeite-basalt IMkes Peak district, Colo Bull. KW, 140.— W. T. 

Nephelite-tephrito . . . Herrnberg, Tctschcn, Bohemia \V. T. 

Limburgite i Heldburger Feste. S. Thiiringen Rosenbusch, El., 363. 

Leucite-boiianite j Blankenhoniberg,Kaiserstuhl, Baden W. T. 



46.65 I 0.114 
43.74 j .108 
42.46 I .068 



Bang 3. Limbukgase. 

SlTBBANG 3. 0UR08E. 
(III. 6, 3, 3.) 



lyry Wil 



Uibmdorite-iH)rphyry Wildkaar. Tyrol 

Monchiiiuite , Rio do Ouro, Brazil. . 

do ' Willow Creek. Mont. 



R. T., 1879, XLIV. 
Rosenbusch, El., 235.— W. T. 
Bull. 168, 130.— W. T. 



46.60 1 


0.112 (46.3) 


46.35 i 


.086 


4-1.82 


.073 (44.5- 


43.65 1 


.071 (43.8) 


43.50 1 


.107 


41.01 


.082 


40.70 [ 


.084 (40.5) 


40.10 


.109 (40.4) 


37.90 


.095 



SUBRANO 4. LiMBURGOSE. 
(III. 6. 3, 4.) 

Nephelite-gabbro Nosy Komba. Madagascar. 

Ncphelite-ba.sanite... Romhild, S. Thiiringen ... 
Paleolimburgitc Atacama, Chile 



Olivinc-gabbro-d ia - 
bii«e. 



Bnmdbcrgct, Gran. Norway 



Augititc Limberg, Baden 

Hornblendc-l>a.salt . . . Sparbrod, Rhone 

Limburgite Oberersteinberg, I^ausitzer Moun- 
tains, Prussia. 

Ijolite Ampasibitika, Madagascar 

HornblenditAi Brandberget, Gran, Norway 



M. M., 201. 
Rosenbusch, El.. 346. 
Z. D. g. G., LI. 4. 
Q. J. G. S., L, 19.-W. T. 

W. T. 

N. J., 18S2, II. 155. 

RosenbiLsch, El. 368. 

M.M., 2(M. 

Q. J. G. S., L, 19.— W. T. 



4L91 0.121 



SUBRAN(J 5. 



(III. 6,3,5.) 



Camptonite C^mpton Falls, N. H A. J. 8.. XVII, 1879, 150. 



&^ 



<.>iA^ ; ' ,y% : K^H^ATsJi^i I i *^ •;tJ it •;>i *>;»* . - iS*.''.;K - 






'» »■ ■ .'ilU- 



,#■.. . <*' -twai^ 



I.Vl"*.'* *•>• ^«»"^.'- ^.^I"**.-,'. 



tJ,Jlti, t^iJ 



■J. I. .'v* ^ tt,^JiV^<J^\.^ 






^•v*H'.u»«u/»<-. * .'. ;■ 



,4/ A V ,f.^: 



*>' ^J*.l'.l»y« ^.«V«.#,IU, 



^M-' '^.l|**^». 



>«w»»rtlu»«iF«!i K "Ta. V !! 



■ V . 



■' 


«■/■ 


V 


r^ 






• i 


.-c 




fV* 






rr 


t» 




,M 






h 


V' 




^Af 


'^f 


fi 









K '/* 'V <-</ 



'Ml I i < , 

•III / i I , 



Noil IW! I*.' W T 



M .11 \U 



,1 



ilu I |.t n, 
\\\ 111 llti ( |u .h 



Iii< HitUi. 

ItH l.tilii. 
^I'MC ttl'litlt' 
U.4 .itl 

t •.!«• Ill li> I'll) litdli 
liMlU(|ii|iUltl 



i Ml4l4l tl'llll btJlt^Kf 

t'ia|4< K t-UtlMinl 

{•itllln i.Tiil«i*ti 

iiwidniM llitilt MkKI 

hl< • iilU...I«< \^i II Iti4iti.il 

I .t|<i- S \ till Sllli.t 

Hitliiti Stilt uitM Kuuiiiiiiii, \ill4U 

tin 
till 



K KIM •}>!' W 1 

Hl«4;lli<ltC4.|4, Kl 17() W. 1. 
Itiilt itM, Iil \\ 1 

It I , iMl. 1.1^ HIV 

h4. 
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Classified list of analyses iised in couslrncling diagrams — Continued. 
Rang 8. Etinda8e. 

SUBRAKU 4. ETIND08E. 
(111,7,3.4.) 



Silica 
con- 
tent. 



40. 52 
39.3a 
38.46 



Alkali-silica 
ratio. 



0.097 
.109 
.143 (3H.9) 



Author's name. 



Locality. 



Reference. 



Nephelitf-basalt | Hesse-Darm.stjadt i Rosenbn.sch, El.. 367. 



do 

Camptonite 



Mittelgebirgc, Bohemia Do. 

Mulatto. Prcdazzo. Tyrol K. A. W. W.,CXI, 1.234. 



Order 8. Bohemare. 
Rang 1. Chotase. 

SUBRANO 2. CHOTOSE. 
(III. 8,1,2.) 



46.51 0.167 



Ix?ucitite ! Bearpaw Mountains, Mont Bull. 168,136.— W.T. 



47.47 0.137 

46.99 .168 (46.1) 

I 



Rang 2. Albanase. 

SCBRANO 2. ALBANOSE. 
(III. 8.2,2.) 

U'ucite-tephrite Vesuvius, lava of 1760 | R. T., 1884, LVI. 

Leuoitite Capo di Bovc, Italy , A. J. S., IX. 1900, 63.— W.T. 



SUBRANG 3. 

(III. 8.2,3.) 



41.24 0.141 



Nephelinite Laacher See, Rhine province . 



Rosenbusch, El., 357. 



SUBRANO 4. COVOSE. 
(III. 8, 2, 4.) 



43.J8 


0.186 j 


42.06 


. 132 


41.74 


.204 1 


40.15 


.204 (40.3) 1 


38.39 


.150 1. 



Therallte... 
LimbuFKito . 

Ijolite 

Nephelinite 
..-.do 



Crazy Mountains, Mont 

Ilabichtswald, He.sse 

Magnet Cove, Ark 

Etinde Volcano, Kamerun, Africa ... 
do '. 



Rosenbusch, El., 176. 
Rosenbusch. El.. 363. 
J.G.,IX,61K— W.T. 
W.T. 
Do. 



42.65 0.139 



Madupite. 



Order 9. Finnare. 

Rang 1. Ijolase. 

subrano 2. madup06b. 
(III. 9, 1.2.) 



Leucite Hills, Wyo | Bull. 168, 86.— W. T. 
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dassified UM of anahjsrs imcd in rovstrutiing diagrams — Continued. 

HrBRAN4i 4. IlVAAROSB. 
(III. 9, 1, 4.) 



Silica 
ron- 
ton t. 



45. G4 
in. 70 
42.18 



I 



Alkali-flilira 
ratio. 



0.342 
.2r>7 
.268 



42.07 



0.281 



Author's namo. 



liocality. 



I Xephclitc-pori>hyr>- , 

Ijolito 

Ncphclite-basalt 



Reference. 



Umptek, Finland Fonnia, XI, 2. 196.— W. T. 

Kmisamo, Finland B. C. G. F.. XI, 10.— W. T. 

Bauerabcrg, Bavaria 



R. T., 1879, LXII. 



SUBRANO 5^ IJOLOSF.. 
(111.9,1,5.) 



Ijolite Kiiiwamo, Finland 



B.C. (J. F., XI, 16.— W. T. 



51. KI o.(m 
'iO.OI .020 
46.96 .030 



IS. 63 O.OOH 



CLASS IV. DOFKMANE. 

Order 1. Hunoarare. 
SECTION 1. minnp:sotiare. 

RaNC. 1. MlNNEK<)TA8E. 

SECTION 1. MINNESOTIASK. 

SrBRAKO 2. CooKoes. 

(IV. 1. 1.1,1,2.) 



I*yroxeiiit(» Meadow Creek, Mont . 

Wehrlito ' New Bralntree, Maw . . 

IIvpcrsthcnc-;:ahbro . (iimflint I^ke, Minn.. 

I 



Bull. 168. 114.— W. T. 
Bull. 168. 3.^- W. T. 
Bull. 168, 81.— W. T. 



SECTION 2. 
Rang 1. — 



SECTION 2. . 

SURRAN<} 1. BEI/THER08K. 

(IV. 1,2, 1,2, 1.) 



IVridotite Belehertown, Ma.«»!* Bull. 168, 30.— \V. T. 



SUBRANG 2. • 



48.91 I 0.013 

46.50 ' .060 

46.56 

46.06 

44.94 

44.39 



.043 (40.9) 
.098 
.000 
.032 



(IV. 1,2,1.2,2.) 



1 
Oli vine-Kabbro 

Gabbro 


Orange Grove, Md 

Pharkowsky-Ouwal, Tral Mount-aln.s. 

Near Ko«winsky, Ural Mount4iint< 

Shonkln Crock, Mont 


Bull. 168, 41.— W.T. 
O. N., 145. 


1 do 


Do. 


' Missouri to 


Bull. 168, 133.— W. T. 


Wehrlite 


Koswinitky, Ural Mountain.^ 


0. N.. 173. 


Gabbro 


PharkowHky-Ouwnl, Ural Mountains. 


0. N., 145. 
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Clitiutified lisA of analyses tised in nmMnuiiny diagrams — Continued. 

SECTION 3. HUNGARIARE. 

Rang 1. Wehrlahe. 

SECTION 1. WEHRLIASE. 

SUBRANG 2. WEHRL06E. 
(IV. 1,3.1.1,2.) 



47.75 ; 0.027 
46.00 I .035^61) 
44.99 I .028 



44. W 0.000 
3(>. 80 . 049 



--' ''^^S!{io"^'* ' Author'Hnamc. 
tent. "*"**• 


I>K»ality. Roferenoc. 


48.95 ' 0.040 


Wehrllte 


Red Bluff, Mont.., 


Bull. 168 114 — VV T. 


46.13 1 .001 


Hornblonde-pirrite .. 
Lhcrzolitc 


Meadow Creek, Mont 


Do. 


45.68 .000 


Baldisser, Hedmont, Italy . 


Rosenbu.«)ch El 165 











SECTION 2. . 

SUBRANO 2. R0««WEIN08B. 

(IV. 1, 3. 1,2,2.) 



IVridotito Cathay Hill, Mariposa County, Cal . . , 

Hornblendite , Col d'Eret, Pyrenees 

Wehriite ! Cr>stal Falls. Mich 



Bull. 168, 209.— W. T. 

C. G. I., VIII. 1901, 833.— W. T. 

Bull. 1(W. 67.— W. T. 



SECTION 4. 



RaN<; 1. CORTLANDTASE. 
SECTION 1. CORTLANDTIA8E. 

SUBRANG 1. COBTLANDTOSE. 
(IV. 1.4, 1. 1, 1.) 



Llierzolite \ Lherz. Pyrenet^s 

Pfridotile Syracu.se. N Y 



C. (J. I.. VIII. 1901, 8:W.— W. T. 
Bull. 1(W. 38.— W. T. 



SrBRANG 2. CU8TER08E. 

(IV. 1,4, 1. 1,2.) 



16. (« I 0.041 



41.50 ' o.o:w 



39. 25 0. (Kix 



PoridotlU' 



Silver Cliff, Colo i Bull. 168, 147.— W. T. 



SECTION 5. PYREMARE. 
Rang 1. Liirrzase. 

SECTION 1. LHERZIASE. 
SUBRANG 1. LHERZ08E. 

(IV. 1,5, 1,1, 1.) 



Ilomblonde-lherzolite Caussou, Pyrenees ; V. G. I.. 1901. VIII, 8:W.— W. T. 



SUBRANG 2. ARGEINOHR. 
(IV. 1, 5, 1, 1, 2.) 



Honiblfudo-iMTldo- i ArKt'in. Pyrenees 

lite. I 



r. G. I.. 1901, Vin, 833.— W. T. 



56 



CHEMICAL COMPOSITION OF IGNEOUS ROCKS. 



Silica 
con- 
tent. 



41.43 



Clarified list of analyses used m constructing diagrams — Continued. 
SECTION 3. VENANZIA8E. 

SrBRANG 2. VENANJMWE. 
(IV. 1.5, 1,3,2.) 



Alkali-sUicA 
ratio. 



0.152 



Author'M name. 



Venanzitc . 



Ixxjality. 



San Venanzo. rmbria. Italy. 

Order 2, Scotare. 

SECTION 1. . 

Rang 1. . 

SECTION 1. . 

SUBRANO 2. . 

(IV. 2, 1,1, 1,2.) 



Reference. 



A. \V. B.. 1899, VII, 113.— W. T. 



58. a") O.UIK 



Augite-norite Madras. India W. T. 



SECTION 3. BRAN DBERG IAS E. 

SUBRAMO 2. BRANDBERG08E. 

(IV. 2, 1,1, 3, 2.) 



45. a5 0.030(46.9) 



I'yroxenite Brandberg, Norway Q. J. G. S., L, 31.— W. T. 



45.04 0.209 



SUBRANO 3. . 

(IV. 2. 1.1, 3, 8.) 



Nephelito-baaalt Katzenbuckel. Odenwald. Baden 



Rtwenbusch. El., 357. 



SECTION 2. PAOIJARE. 
Rang 1. Paolase. 









SECTION 2. . 

SUBRANG 2. . 










(IV. 2. 2. 1,2, 2.) 




47.41 


0.031 


Auglte-perldotite.... 


Peekskill, N. V 


... A. .1. S.. XXXI. 188(5, 40.— W. T. 


42. (S8 


.077 


Homblende-bamlt . . 


Hauk, S. Rhone 


j Ro«onl)UJ*ch. El., 309. 


40.42 


.o:« 


Ollvine-gabbro 


Crazy Mountains, Mont 


....' Bull. Hi«, 122.— W. T. 


40.15 


.000 


Koiwite 


Koswlnsky, Ural Mountains 


.... 0. N., 119. 


39.59 


.067 


Nephelite-ba«alt .... 


Ottendorf, Silesia 

J 


.... R. T.. 1884, LXIV. 








SECTION 3. I'AOLIASE. 










SUBRANG 2. PAOLOBB. 










. (IV. 2, 2, 1, 8. 2.) 




41.41 


0.000 (41. G) 


Koewite 


Ko6win.sky. Ural Mountains 


.... O. N., 119. 


38.39 


.031 (87.5) 


Jaoupirangite 


Magnet Cove. Ark 


.... J. 0., IX, 620.-W. T. 


.S8.38 


.022 


do 


. Sao Paulo. Brazil 


Do. 


36.51 


.075 


Eleolite-mica-syenite 


Magnet Cove, Ark 

1 


Do. 



BOCX ANALYSES USED IN CONSTRU<rriNG DIAORAMS. 
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(Uaaslfied I'mt of (mnlysie.H used in roiisMuiitig diagrcum* — Continued. 

SECTION 3. TEXIARE. 

Rang 1. Texase. 

SECTION 1. MARQUETTIASE. 

SUBRANO 2. MaRQUETTOSK. 
(IV. 2, 3, 1,1. 2.) 



Silica 
con- 
tent. 



Alkali-silica 
ratio. 



39.37 0.017 



Author's name. ! Ijocality. 

I 

Peridotite \ Opin Jjai^e, Mich 



Reference. 



Bull. 168, fr4.— W. T. 



SECTION 2. UVALDIASE. 

SUBRANO 2. rv ALDOSE. 

(IV. 2, 3, 1, 2, 2.) 



40.32 0.080 
30.92 I .QKX.\ (41.0) 
39.16 ] .081 
30.53' .108 



I Nc|)he!itc-hasalt Uvalde County, Tex Bull. 108, 02.— W. T. 

• do do Bull. 168, 63.— W. T. 

1 , I ' 
do Oberleinleiter, Baden ; UosenbUKch, El., 3.'>7. 

I Nephelite-inclilite- j Warten be rsr, Baden ! Rosenbu.sch, El., 300. 

I basalt. 

I • I 



SECTION 4. 



Rang 1. Camselase. 

SECTION 2. CASSELIASE. 

SVBRAKG 1. . 

(IV. 2. 4. 1,2. I.) 



38.34 0.100 
37.98 ' .121 (37.4) 



Limburgit4» Ilio de Janeiro, Brazil . . . 

Melilite-nephelite- ! Hohenberg. Westphalia. 
baMilt. 1 



T. M. r. M., XX, 304. 
Rosen bu.«*ch. El., 3.")7. 



39.20 O.a'ie (38.0) 
37. 96 . 006 



SUBRANG 2. CaSSKLOSE. 

(IV. 2. 4, 1, 2,2.) 
Dike-rock Kola Peninsula. Finland. 



N<'phclltc-!nelilite 
bastilt. 



I'valde County, Tex . 



Fennia, 15, 2. 1899, 27.— W. T. 
Bull. 108, 63.— W. T. 



SECTION 5. 
Rang 1. — 



SECTION 1. KALTENIASE. 

Sl'BRANG 3. KaLTENO-ME. 
(IV. 2.5. 1, 1,3.) 



:«.98 0.101 



Mica-pcridotite Kaltenthal, Ilarzburg, Harz Mts Rosenbuseh. El., 105.— W. T. 
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CUuvtified list of tmaJytw:* nued in rom^ruHhtg dingnmiH — Continue* 1. 

OrDKU 3. SVERIGARE. 

SECTION 1. HERGENIARE. 

RAX(i 1. Hkroenahe. 

SECTION' 1. BKROENIASE. 

SrBRANO 8. BF.R0EN(»8E. 

(TV. :\. 1. 1. 1.3.) 



Hilioa 
con- 
tent. I 



Alkali-Hilini 
ratio. 



I 



31.59 0.082 



3H.20 
3H.1H 



Author's namo. 



Ilmenite-norit*'!. 



Ii<)oaIitv. 



Storjningen, Norway . 



Rcforenco. 



n. M. A.. lM9f.. V, !(>:>.— W. T. 



SECTION 2. 
Ran<; 1. — 



SECTION 2. 

8UBRAN(t 2. . 

(IV. 3.2. 1,2,2.) 



NVphclite-molillto- 
biusall. 

(?j Tyroxcnito 



BurKstnll, Badon Bomnibascli. KI.. 3fiO.— W. T. 



Predazzo, Tyrol 



K. K.. II, 7rt.— \V. T. 



31.80 0.02(; 



SECTION 3. avp:zaciase. 

SlTBRANO 3. AVRZAO08B. 
(IV. 3. 2, 1, 3, 8.) 



Avwzaclto 



Avezao-I*rat, Pyrenees . 



C. (i. I.. VIII. 1901. K32.— W. T. 



Order 4. Adirondackare. 

Suborder 2. Adirondaokore, 
Ranjj 1. Adirondack ASK. 

SECTION 1. ADIRONDACKIASE. 

SUBRANG 3. . 

(IV. 4.2, 1,1.3.) 



24.74 
22.87 
14.95 


0.000 
.000 
.000 


Iron on^ 

Iron ore 

do 


rifii. Sweden 

Cumberland Hill. R. I 

UumKljult. SwtKlen 


.... S. M.ii. 

.... S. M. Q. 

I>(». 


XXI, GO. 
XXI, fiO. 










Sl'BRAMJ 4. . 

(IV.4, 2, 1,1.4.) 








21.42 


0.033 
.0&5 
.067 


Iron ore 


Kliziibethtown, N. Y 

....do 


.... S. M.l^ 

Do. 

.... S. M. g. 

1 


XX. 343. 
XX, 3:n. 




11. 73 


do 




10. 37 


do 


Frontenae County. Ont^irio 











ROCK ANALYSES USED IN CONSTRUCTING DIAGRAMS. 
(loMifiM lid of analyses used in cotudrurting diacframR — Continued. 

Suborder 3. Ohamplamore* 
Rang 1. Champlainabe. 

SECTION 1. CHAMPLAINIA8E. 

81TBRAN0 4. . 

(IV.4, 3. 1, 1.4.) 
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SilicA 
con- 
tent. 



17.90 
13.36 



I 
Alkali-Kilioa I 

I 



ratio. 



0.000 
.000 



Author's name. 



Looallty. 



Inm ore Split Rock mine, N. Y. 



.do I Tunnel Hill, N. Y . 



Reference. 



8. M. Q., XX, 343. 
Do. 



10.77 1 o.o:w 



Order 5. 

Suborder 2. 
Rang 1. - 



SECTION 1. . 

SUBRANO 4. . 

(IV. 5, 2, 1, 1, 4.) 

Iron ore | line Lake, Ontario. . 

I 

SUBRANG r>. . 

(IV. ft, 2. 1.1,5.) 



10.211 0.000 



Iron ore , Inm Mountain. N. Y 



S. M. Q., XX, 331. 



S. M. Q., XX, 343. 



SECTION 2. . 

SUBRANO 4. . 

(IV. 6. 2, 1,2. 4.) 



9.79 0.000 (9.5) 



Imnore > Millfoni Pit, N. Y .. 



S. M. Q.. XX, 844. 



55. .V2 
56.23 



0.000 
.(NX) 



CLASS V. PERJ^EMANE. 
Order 1. Mao rare. 

SECTION 1. CAROLINIARE. 
Raxij 1. Webster A8K. 

SECTION 1. MARICIASE. 

SrBRANCJ 1. MaRICORB. 

(V. 1.1,1. 1,1.) 



Lhcrzolite ' Ixwano, Piedmont 

PyroxenitJ* ' Marion district, Transvaal . 



Rosenbusch, El., 165. 

A. J. S., VII. 1899, 318.— W. T. 



«0 



rilKMICAIi roMPOfllTION OF IONK()U8 ROCKS. 



(ituttt{fitil lint ofnimly»M uiu'd in nnistructing diatoms — C/ontinued. 
SECTION 2. WEB8TERIA8E. 

8r BHANG 1. WEBSTKROflE. 
(V. 1.1. 1,2,1.) 



HlUoA 
tout. 



AlkAlMlU*!! 






Mi, i\ 0. WW 



Author'M immo. 



WoliMtorUo Wob«ter, N. (' . , 

do HobbvUK', M«l . 

. ...»l«» ' <lo 



IxKiality. 



Sl'BRANU 2. rKClU)8E. 
(V. 1.1. 1.2,2.) 



Reference. 



Bull. 1C8, .'«.— \V. T. 
Bull. 108. 43.— W. T. 
Bull. 168, 43.— \V. T. 



W'elwterite 

ryn»xenllo 



Tivil rouniy, Mil j Bull. 168. 43.— W. T. 

Mount Diablo. ChI ' Bull. 168. 213.— W. T. 



Mi. St) O.rtW (Mun 
4tf,a& .WH) 



SKtTIOX 2. MARYLANDIARK. 

Rang 1. Baltimorask. 

SEtrriON 2. BALTIMORIASK. 

HVBRANO 2. BALT1M0R08C. 
(V. 1,2. 1.2.2.) 



ry n»x«»nHo Johnny l^Hke road. Md 

KoKwiio • KoMwinnky. rnil MounUins . . . 



8K1TION 8. 
Ranu I. - 



4a. 20 . IVUU 



SKtTTlON 2, . 

i^rHMANU 2. KlVWlXtK. 

iV. l.a, I. 2»2.> 
K«wtwii«^ Kti«\vlutiky. Tml Mounuliu« 



Bull. 168, 42.— W. T. 
O. N.. 119. 



O. N.. 119. 



41.4a ' tKOO 



ShXTION 4. 
Hamj K - 



SVBIIANU 1, ■ 

lY. I. 4, I. \.V\ 



\ 



SMXtuitlo KUWKy».i*rv« H«U. l*5s< i't*! — W. T. 

iV. U 4, », \ri^ 



42. a», OkMW 



IVritloiii«» , , . iUHv%* H»o , SjihUs* vvI M^vlkn 



w r. 



Kilica 
con- 
U»nt. 



ROGK ANALYSES USED IN CONSTRUCTING DIAGRAMS. 

Classified list of analyses used in constructing diagrams — Continued. 
SECTION 5. MAORIARE. 

RaNC. 1. DUNA8£. 
SECTION 1. DUNIASE. 

SUBRANii 1. IH'NOHE. 

(V. 1.5, 1. 1, 1.) 
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42. W 
40.11 
39. 9U 



Alkali-silica 
ratio. 



O.OUO 
.000 
.00 (39.7) 



Author'H iiume. 



Lot'ality. 



Refeit'iice.. 



I 



Duiiitc Dun MountHins, New Zealand i Roseiibusch. El., 1(*.5. 

Duiiite , Corundum Hills, N. C Bull. 168, 54.— W. T. 

Harzburgito Olivine Hills Itange. Sew Zealand...' Ronenbuwh, El., ICT). 

I 



43.87 0.000 



Order 2. - 
SECTION 2. 

RAN(f I. — 



SECTION 2. 

SUBRANQ 2. 

(V. 2, 2, 1,2.2.) 



Lherzolite Johnny Cake road. Md. 



Bull. 168. 42. 



31. M 0.000 



SECTION 5. . 

RANCi 1. . 

SEtmON 1. . 

SUBRAN-» 2. PERMOSE. 

(V. 2, M, 1. 2.) 



Dunite Hid^ronitique.l KoNwinsky. Urtil MountaiuH . 



.., (). N.. 12S. 



2l.2f> 1 0.000 



Order 3. 

SPXTION 4. 

Rang 1. 

SECTION 1. 

SUBRAKG 2. , 

(V. 3,4.1, 1,2.) 



Iron ore TalH'rjj. Swe<len 8. M. Q., XXI, GO. 



(tU 



CIIKMICAL OOMIUmiTION OK IGNKOUB ROCKS. 



i'limnijh'ii lint uf awilffM't* UM'd in ranMnwthuj di(ifjr<unM — Continued. 
OUDKll 4. . 

Suborder 2. • 

Hancj I. . 

SK(TI()N 1. . 

SrHHANu 2. . 

tV. 4, U. I. 1.2.) 



run 



AlknlUIUru 
mtlo. 



VHi, nA U. Wk\ 












AiilUor'N imiiiv. 



IhtM < 



.. .»lo... 



M«M£Uvnu> >|sUu'Ulv 






UH'Hiity. 
ruinUTlatitl lini. U. 1 . 

SVHMANH A. . 

\V. 4. •.». \, I. i.^ 

iKtHiunlH. Swtnlon 



Refori'iu'o. 



S. M. q., XX, :Vil. 



s. M.g.. XXI. w. 



Horton. Honfn»w Oounty. ratm<1u ... S. M. Q.. XX. XU. 



Suborder 2. 
Uax^j 1. - 



SKlTlON 1. 



K^HiUviirH, Sw\hK»u Z, r. ii. 



\*iKv S>ft>i>KMx 



S. M. vi.. XXI. tS,\ 









S\WkJkN\i\ , 

V \ i. uu\ 

>llU l\«*Kl t^J. X Y >v >*^.. XX. S«4. 

M*>th<^» l?\>tt Kaj-^v. >l;«ir, S W v; XX. ST. 

Ki*jcVlMtx^»\o<. »\MR5«w»r\\«r,;j >. V v XX 5R; 

N*v;N>e\V X \ 



S V .^ \X Ji*i 



Si wii^K^KK ;^ 



Kanv 






A "^ 'A ^ 



"".T^i*. ^^^it:i,t$iTi ^>v 



>. V s.. \3L »* 
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DISCU88IO:Nr OF TIIK DIAGRA3I8. 

GENERAL DIAGRAMS. 

On PI. I are exhibited the comparative values of the chief chemical components 
of over 950 rocks. The relative molecular proportions of six oxides — Al^O,, 
K^O, Na^O, CaO, MgO, and FeO (^FeO+iiFejO,)— are expressed by the shapes 
of the individual diagrams, the silica percentages are expressed by the relative 
lateral positions of these diagi'ams, and the comparative richness in alkalies is 
shown by the shapes of the individual diagrams and is also expressed b}' their 
relative vertical positions. 

In the upper left-hand corner of the plate a smaller multiple diagram shows 
the distribution of the anal3'ses in a more concise manner, the vsev^eral colors of 
the spots indicating the classes into which they may be subdivided, according to 
the (|uantitative system, to be noticed more fully on page 68. 

VAKIATIONS IN COMPOSITION. 

From the largt* diagram it is seen how manifold and intricate are the varia- 
tions in chemical composition of igneous rocks. The larger the \'ellow triangles, 
the richer the soda and alumina; the larger the green ones, the more the potash 
and alumina; the taller the upper half of the individual diagram, the more the 
alumina; the narrower and taller the yellow and green triangles, the greater the 
excess of alumina over alkalies; the larger the blue triangles, the more the magnesia 
and lime; the larger the red triangles, the more the iron oxide and lime; the 
longer these lower triangles in the direction of the middle vertical line, the more 
the lime. Long, narrow, inclined, blue triangles indicate an excess of magnesia 
over lime; long, narrow, inclined, red triangles, an excess of iron oxide over lime. 

The variation in the sizes of the individual diagrams, from the small ones at 
the left to the large ones at the right, corresponds to the great difference in silica 
content of the ditfi^rent rocks, as well as to differences in the comjwnents just 
named. Rocks with 75 per cent of silica have only 25 per cent of other constitu- 
ents, while rocks with 40 i)er cent of silica have 00 per cent of other components. 
Moreover, the relative iunn))«»r of molecules for given percentages of mass increases 
with the decrease in molecular weight of the component oxides. It is to be 
observed that rocks high in silica are relatively high in alumina and the alkalies. 
The molecular weights of these are: AlgOj, 102; K^O, M; Na^O, 02. Rock^s low 
in silica may be high in alumina and alkalies, or high in lime, iron oxide, and 
magnesia. The molecular weights of thelatt^,^' are: FeO, 72; CaO, 50; MgO, 40. 
The lightness of magnesia accounts for its greater proportions in the diagrams 
than in the analyses. 
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There are chemical variations which are somewhat regular, and others which 
seem irregular. First, it appears that the most siliceous rocks are rich in alumina 
and alkalies, and that lime increases at first more than iron and magnesia. But 
to this latter statement there are many exceptions. 

In rocks with intermediate silica, 50 to 60 per cent, there is a gradation 
from those rich in alumina and alkalies and low in lime, iron, and magnesia to 
those rich in the latter and poor in the former. But there are rocks in this 
series high in alumina and lime and , poor in alkalies and iron and magnesia. 

The rocks low in silica, containing 35 to 50 per cent, have a wide range in 
variation, and attain the highest amount of magnesia. Those extremely low in 
silica, containing less than 30 per cent, are very rich in iron, with little or no 
alumina and alkalies, and little lime or magnesia. 

The diagrams of rocks with less than 28 per cent of silica are found on PI. VU. 
They are not repeated on PI. 1, because of the inconvenience of a plate of such 
length. 

If the variations are studied in greater detail it is seen that in rocks having 
nearly the same silica and alkali ratios there is variation in the alumina, scarcely 
two rocks having the same amount. But there is more variation in the potash and 
soda. These values seem to be constantly shifting from place to place, with nothing 
suggesting a constant ratio between them. The great preponderance of soda is 
expressed by the predominance of yellow triangles ov^er green ones. Dominantly 
potassic rocks are rare. They are more abundant among the more siliceous ones. 
Soda reaches its maximum in less siliceous rocks. Similar variability shows itself 
in the proportions of lime, iron oxide, and magnesia, whether these are subordinate 
or preponderant constituents. 

TRANSITIONS AND EXTREMES. 

It is possible to select certain shaped diagrams as types and discover many that 
are approximate!}^ the same. But closer inspection shows gradual variations from 
any two of these types to intermediate forms. And the general impression obtained 
from the whole assemblage is a regular variation from highly aluminous alkalic, 
yellow, and green figures to highly ferromagnesian calcic, red, and blue ones, 
combined with a very irregular variation in detail among adjacent figures. 

The extremes of chemical variation reached in igneous rocks are exhibited in 
some of the diagi*ams. However, all known extremes are not expressed, beoause 
chemical analyses are wanting in several instances. Thus the extreme of pure 
silica attained b}' some intrusive dikes or veins of quartz is not represented. Chem- 
ical analyses have not yet been made of such rocks, or of the highly quartzose 
pegmatites with more than 85 per cent of silica. When they have been made the 
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individual diagrams will extend to the extreme left-hand point of the multiple 
diagittm. 

Individual diagrams, composed of only a green triangle, exhibit the composi- 
tion of a rock almost wholly orthoclase and quartz. One that is simply a yellow 
triangle is an almost pure albite rock. An almost pure nephelite rock from 
Ontario has been described by Adams, but analyses of it have not yet been made. 

Diagrams consisting of only a narrow line represent an almost pure magne- 
sium silicate, olivine, while those consisting of long triangles sloping to the left 
(PI. Vn) represent iron and titanium oxide — titaniferous magnetite. 

The extremes of variability expressed in mineral terms are known to be as 
follows: Igneous rocks wholly quartz, almost wholly feldspar, orthoclase, albite, 
labradorite, and other varieties of feldspar, and those wholly nephelite; rocks 
almost wholly enstatite, hypersthene, olivine, magnetite. From what is known 
of the variable mineral composition of igneous rocks it is clear that with more 
analyses to introduce into the diagrams the variations in the shapes of the figures 
would be increased. Enough are shown to demonstrate the gradual character 
of the variations in chemical composition, and the transitions from rocks of one 
composition to those of another. 

BELATTVE ABUNDANCE OF DIFFEBENT KINDS OF BOCKS. 

The distribution of the individual diagrams in the multiple one, and of the 
spots in the small composite diagram of PI. I, shows that those varieties of 
rocks having extreme compositions, occurring in the margin of the multiple 
diagram, are less abundant than those having more nearly an average composi- 
tion. This is still more evident when all those analyses are taken into account 
which were omitted because of lack of space for them. They will be found to 
belong to the central portion of the multiple diagram. 

This is shown on PI. VIII in a composite diagram exhibiting the variation 
in silica and alkali-silica ratio of 2,CMX) igneous rocks, which has been prepared 
by combining data found in this paper with those contained in the collection of 
analyses published by Washington,^ to whom the author is indebted for an oppor- 
tunity to stud}" the collection in proof sheets. There are more than twice as many 
rocks involved in this diagram as in that on PI. I, but the results are similar, and 
if the spots were replaced by individual diagrams the effect would be to doubly 
confirm all the conclusions drawn from a study of PI. I. The construction of 
such a multiple diagram, however, is not feasible at this time. 

The average rock, as calculated by Clarke* from 680 analyses of American 
rocks, is shown by diagram at 59.77-0.088, and that calculated bj'' Harker^ 



a Op. dt. b Bull. U. S. Geol. Survey, No. 148, p. 12. e Qeol. Ma«., 1899, p. 220. 

14474:— No. 18—03 6 
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from 397 British rocks is shown by diagram at 58.7-0.083. These diagrams 
resemble those of rocks having like silica and alkali-silica ratios, and occur in 
the densest part of the assemblage. Other averages made from greater numbers 
of analyses yield almost identical results. A later average, made by Clarke** from 
830 complete analyses of American rocks combined with 180 additional determi- 
nations of silica, 90 of lime, and 130 of alkalies, produce an average magma with 
59.71 per cent of silica, and other constituents very nearly the same as those 
expressed in the diagram. Washington * obtained a closely similar average magma 
from 1,811 analyses of igneous rocks from all parts of the world, having 58.24 
per cent of silica. The loci of the averages of American and of British rocks 
are marked by crosses on the diagram on PI. VIII. 

These prove that the average of a large number of known rocks is like the 
commonest rocks; conversel}^ that the commonest rocks are like the average of 
all known rocks; from which it is possible to derive all kinds of igneous rocks 
by processes of separation, splitting up {»paltung)^ differentiation. It does not 
follow from this that they have been produced from one common average magma, 
or even that they have been produced in this manner in actual fact; but such 
an origin is shown to be quantitatively possible and reasonable. 

ABSENCE OF CLUSTERINQ. 

A study of the diagrams of PI. I and PI. VIII fails to detect any clustering or 
grouping of analyses in definite parts of the multiple diagram, such as might serve 
88 the basis for a chemical classification of rocks. This is the same as stating that 
there do not appear any ^'natural" recognizable subdivisions of rocks on a basis of 
their chemical composition. Variations in seven prominent chemical factors exist 
throughout the system of igneous rocks, the mathematioiil expression of which 
would 1h5 extremely intricate. The study of the chemical composition of igneous 
rocks by graphical methods does not reveal any simple method of grouping or 
classifying them on a basis of their chemical constituents alone. 

HIMILABITY OF ROCKS FROM DIFFERENT PETROORAPHICAL PROVINCES. 

Further study of the diagrams and of the list of analyses shows the chemical 
similarity of many rocks that belong to different petrographical provinces. One 
illustration of this is taken from the best-known province, that of Christiania, 
made classic by the publications of BrOgger. The diverse rocks of this region 
that are genetically related may be found in various places in the list and in the 
multiple diagrams. A comparison of the individual diagrams with those of 



a Clarke, F. W., Bull. U. 8. Geol. Survey No. 168, 1900. p. 14. 

b Washington, H. S., Chemical analyses of igneous rocks from 1884 to 1900: Prof. Paper U. 8. Geol. Survey No. 14, 190S, 
p. 107. 
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similar .shape f Fom other petrographical provinces will demonstrate the truth of 
BrCgger's statement that "the same group of differentiated rocks can be produced 
by separation from mother magmas of quite different chemical composition. "<» 
A list of the chief cases of similarity is given briefly, as follows: 

TahU showing similarity between Nornxiy rocks and those of other regions. 



Place in clawlfied li«t. 



Norwav rock. 



Similar rotrks of other regionft. 



I. 3,1,3 ! 77.20-0.080 



I. 4, 1, 3. 



I ' 



6. 73- . 077 



76. aV . 092 
71.49- .109 



I. 4, 2, 3. 



75. 



.086 



70. 54- . 107 



I. 5, 1, 3. 
I. 5,1,4. 



m. \:\- . 130 

64.04- .160 

! 64. 92- . 146 

' (H. o4- . 157 



I. 5, 2, 4. 



59.38- .125 



77. 05-0. 
77.0;{- . 
77.33- . 
76.20- . 
75. 71- . 
71.67- . 
72. 0(^ . 
70. 23- . 

76.00- . 

75.01- . 
1 74.95- . 
j 71.88- . 
I 70.92- . 
' 68.36- . 

66.03- . 

65.43- . 
I 65. 51- . 
j 6:^. 71- . 
I 63.09- . 
I 62. 17- . 
j 61. a5- . 
I 63.49- . 



I. 6, 1, 4 1 58.61- .194 

I 



II. 5, 2, 3 
II. 5, 2, 4 



61. 43- . 
58.94- . 

58. 28- . 
57.48- . 

59. 20- , 
58. 70- . 
58. 64- . 
58. 62- . 
58. 20- . 

58. 00- . 142 i 59. 78- . 
59.56-. 125 58.42-, 

56.79- .118 57.97- . 

57.01- . 

aBrogger, W. C, Quart. Jour. Geol. 8oc. 



080, Butte, Mont. 
080, Pikes Peak district, Colo. 
079, Alaska, and others. 
091, New Mexic»o. 

094, Yellowstone Park, and others. 
101, Castle Mountain district, Mont. 
107, Stony Creek, Conn. 

113, Essex County, Mass. 

087, California. 
086, Alaska. 

088, Nevada. 

095, Iron Mountain, Mo. 

096, Yellowstone Park. 
105, Essex County, Mass. 

132, Custer County, Colo. 
140, Mount AHcutney, Vt 
143, New Mexico. 

159, Essex County, Mass. 
164, Ewaex County, Mass. , 
156, Crazy Mountains, Mont. 
147, lochia, Italy. 
138, Curter County, Colo. 

133, Pantellaria. 

109, Silver Cliff, Colo. 

112, Crazy Mountains, Mont 

118, Pikes Peak district, Colo. 

189, Madai^ancar. 

190, Crazy Mountains, Mont. 
195, Cripple Creek, Colo. 

191, Madagascar. 
190, Madagascar. 

140, Custer County, Colo. 
099, Luzon, Philippine Islands. 
116, Mount Ascutney, Vt. 
124, Silver Cliff, Colo. 
London, vol. 50, 1894, p. 36. 
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Table shmring similarity between Norway rocbi and thate of other regions — Continued. 



Place in clftSRlfled list. 


Norway rock. 


Similar rocks of other re^ons. 


II. 5, 3, 4 


52.91-0.119 
48.06- .064 

47.90- .094 

43.65- .071 
45. 05-. 030 


52. 97-0. 107, Pikes Peak diatrict, Colo. 

53. 10-. 134. Madagascar. 

49.24- .092, Ferdinandea. 

48.90- .090, Voiges. 

50. 56- . 079, Plumas County, CaL 

48.22- .OW, Mount Ancutnev, Vt. 

47.16- .077, New York. 

42.03- .053, Arkansas. 

46.5^ .043, Und Mountains. 

46.56- .050, Ural Mountains. 


III. 5,3,4 


m. 6,3,4 


IV. 2, 1, 1, 3, 2 





From this list it appears that among the various rocks, ranging from persalic 
to dofemic, that occur in the Christiania region there are those whose chemical com- 
position is very similar to particular rocks found in the Ural Mountains, Yosges 
Mountains, Ischia, Pantellaria, Ferdinandea, Madagascar, Luzon, Vermont, New 
York, Masriaohuaetts, Connecticut, Missouri, Arkansas, Colorado, New Mexico, 
Nevada, Yellowstone National Park, Montana, California, and Alaska. These 
regioHN ^jelong to diverse petrographical provinces, some of them very similar to 
that of Christiania, but others distinctly different. 

Then) are provlm^es in Finland, in Canada, and in parts of the United States 
iiUmeily reMeuibling the ChriHtlauia province in the characters of their nephelite- 
toaring rcKikN, but the regions are not identical in petrography. It is possible to 
0iid all degreeM of MluiUarlty lyetwt'ten petrographical provinces in various parts of 
tiia ivorld, and the most intrli^ate web of similar differentiation products may be 
wovien by their (uiinparlHon. 

From the (chemical ohamoter i)f Igneous magmas, their content of like elements, 
tim irb&ifiical iJiluii'adter of the rook-making minerals, the fixed composition of 
Houm of tlwm, and thi» serial variatliin in the composition of others, the theory 
of ditf«rentIation leads us to ex|)eot diversity in the rocks of all petrographical 
pvovmten of such ii kind that IdtMiticul or i^lost^ly similar varieties of rocks will 
oc^ur in oth«rwistt unlike provin^w. 

(ILASHiridATION or li)NKOlTH KOi^KS. 

From the foregoing ronsiderations it is evident that if we attempted to classify 
igneous rocks on a fmsis of thtUr groupings in petix)gmphical provinces— that is, if 
we should uni^ii in Uui Hrst instance roc^ks that are said to be genetically related— 
we should beimmUt in the system rocks of world-wide occuri^ence that are alike. 
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It must not be forgotten that igneous rocks are not like biological organisms, 
and that we are constantly misleading ourselves by the use of biological terms, 
such as generation, consanguinity, and family, into imagining that the relationships 
of various rocks should be treated like the relationships of organisms. 

When we have had more experience in the synthesis and the differentiation 
of molten rock magmas in chemico-physical laboratories; have handled them like 
other solutions of salts, which have been studied at lower temperatures; have 
siolidified them under diverse physical conditions, we shall no doubt free ourselves 
from the fascination of biology and look upon rocks as the chemist looks upon 
a solidified mass of mixed salts. Is it not possible, in the period of preparation 
of such properly equipped laboratories, to anticipate their psychological effects 
and to think of the study of igneous rocks, their magmas and relationships, as 
purely ph^^sico-chemical problems, involving the measurement and comparison of 
mass and force, and their definite quantitative expression? 

It being evident from the diagrams that there are gradual transitions in the 
chemical composition of igneous rocks from one extreme to another, that there 
are no recognizable groupings of rocks or noticeable subdivisions of the chemical 
series, and that chemically similar rocks occur in geneticall}^ different families, 
it follows that the subdivision of all igneous rocks into groups for purposes of 
classification must be along arbitrarily chosen lines. And the intricate character 
of the chemical variations, apparent in the diagrams, prevents a simple quantita- 
tive statement of any possible limits which may be selected for subdivisions of 
the series, however arbitrarily chosen. A careful study of the diagrams will 
convince one of the truth of this statement. It is a problem involving at least 
seven variable factors, and in its exact statement still more. It is the problem of 
expressing quantitatively the chemical composition of solutions of mixed salts often 
containing identical elements. The most artificial method of statement would be 
to consider the elements regardless of the possible salts in solution. A less arti- 
ficial method would seem to be one which takes into account the salts which may 
enter the solution or may separate from it. In rock magmas the salts in solu- 
tion may properly be considered to have the composition of those minerals which 
separate and crystallize when the magmas solidify. But it is understood that 
salts in solution may become split up into molecules of simpler composition, may 
be partially dissociated into ions, and may be combined in more than one manner 
in the act of separating from solution under diverse conditions. 

When it is remembered that igneous rocks are solidified and for the most 
part crystallized mixed solutions, the expression of their chemical composition in 
terms of the separated salts or minerals developed in them is eminently reason- 
able. These principles underlie the quantitative classification of igneous rocks 
proposed by Crovss, Pirsson, Washington, and the author. 
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Id expressing the chemical composition of the rocks in terms of the minerals 
developed it is advisable to reduce the complex possibilities by selecting the 
simpler and commoner minerals as standards of comparison. The details of the 
method must be learned from the published essay,' to which the reader is 
referred if he is not already familiar with it. 

CLASSIFIED DIAGRAMS. 

The resulting chemical subdivision and grouping of igneous rocks by the 
method of quantitative classification recently proposed can be well shown graph- 
ically by the diagrams already described. The clearest exposition, however, 
requires a greater number of multiple diagrams than has been prepared, in order 
to separate all the divisions established by the classification. But the expense of 
publication has prevented the carrying out of such a plan, and so fewer multiple 
diagrams have been used, with a consequent loss of simplicity and a greater 
complexity than exists in the actual system of classification itself. The advan- 
tages to be derived from the exposition made, however, are sufficient to warrant 
its publication. It presents the salient features and results of the classification 
in a manner which can not be i»onveyed by words. 

Multiple diagrams have l)een prepared to exhibit the grouping and variations 
in rocks belonging to the five classes of the quantitative system. Those of the 
first, second, and third classes are represented on three separate diagrams, 
while those of Classes IV and V are placed on one diagram because of their smaller 
number. The diagrams ai'e presenteil in two forms — in one form spots represent 
the distribution of loci of analyses and their range of variation with respect to 
silica and alkalies; the other form is an individual diagram showing the variations 
with respect to the principal chemical components. (Pis. Ill, IV, V, VI, and 
VII.) 

The distribution of the analyses belonging to the five classes, with respect to 
silica and alkalies, is shown by the spotted diagrams on Pis. Ill, IV, and V 
and by the differently colored spots in the iH>mposit^ diagram on PI. I, in which 
the yellow spots belong to Class I, the red spots to Class II, the blue ones to 
Class III, and the black ones to Classes IV and V. 

Since Class I is persalic, that is, is extremely rich in salic minerals — quartz 
and aluminous feldspathic minonils— most of thest> iHx^ks iKTur in the diagram 
near the curved lines showing the positions of nx^ks iH>mposed wholly of quartz 
with albite or ortboclase, and albito with nephelite, or orthiH^lase with leucite. 
But rocks of this class include all those rich in alumina, which may form anbr- 
thite, a nonalkalic mineral. Consequently they also cK*cur in the diagram remote 
from the curved lines, approaching the locus of anorthite at 43.1<U>.-0.0. 



a Quantitative clawillcation of igneoiu rockH. Chtcairo. 1WK). AImi Jour. Oeol., vol. 10. 1902. 
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Class n is dosalic, that is, dominantly salic. There are less feldspathic min- 
erals and more ferroma^^nesian ones, and since the latter are mostly low in alka- 
lies, rocks of this class occur in the diagram farther from the limiting alkali- 
feldspathic curves than those of Class I. 

As Class III is still richer in ferric minerals and lower in alkalies, rocks of this 
class occur still more removed from the curves just mentioned. The same is true 
to a greater degree for rocks of Classes IV and V. 

It is seen that the positions of these classes of rocks overlap one another 
more or less in the composite diagram on PI. I, hence the confusion of individual 
diagrams in the large multiple diagram of PI. I. 

DIAGRAMS OF CLASS I. 

Let us considBr separately the diagrams of the different classes of rocks, begin- 
ning with Class 1. The persalanes, represented by 412 individual diagrams, being 
characterized by preponderant salic Jiinerals, are subdivided into nine orders, 
according to the proportions of quartz and feldspars and of feldspars and feld- 
spathoids (lenads). The order highest in quartz, perquaric, is highest in silica, 
and that highest in lenads, perlenic, is lowest in silica. Consequently the nine 
orders follow one another from left to right in the multiple diagram (Pis. II and 
III). The limits of the orders may be shown graphically for extreme cases, and 
may be interpolated for intermediate ones. Owing to the difference in the molec- 
ular weight of sodium and potassium, the limits for orders based on quartz and 
soda-feldspar (albite) and on quartz and potash-feldspar (orthoclase) do not coin- 
cide. Further, the greater chemical difference between the soda-lenad, nephelite, 
an orthosilicate, and the potash-lenad, leucite, a metasilicate, causes a still wider 
divergence between the boundaries of the orders based on albite and nephelite on 
the one hand and on orthoclase and leucite on the other. That is to say, the 
limits between the nine orders of persalic rocks var}^ according as the alkalies in 
the rocks are soda or potash. This is shown by the diagram on PI. II. The black 
lines nearly at right angles to the upper curve mark the limits of the nine orders 
for ideal rocks composed wholly of quartz, albite, anorthite, or of soda-nephelite, 
albite, anorthite. The red lines transverse to the upper red curve mark the limits 
of the nine orders for rocks composed wholly of quartz, orthoclase, anorthite, or 
of leucite, orthoclase, anorthite. 

The division lines for soda orders start from points on the quartz^albite-nephelite 
curve situated where q :ab::7:l; q :ab::5 :3; q:ab::3:5; q:ab::l :7; ab:ne::7:l; 
ab : ne :: 5 : 3; ab : ne :: 3 : 5; ab : ne :: 1 :.7, and run to points on the quartz-anorthite 
line and the anorthite-nephelite line were q: an:: 7:1; q:an::5:3; q:an::3:5; 
q : an :: 1 : 7; an : ne :: 7 : 1; an : ne :: 5 : 3; an : ne :: 3 : 5; an : ne :: 1 : 7. The same may 
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be said of the diviHion lines for potash orders, substituting the names of orthoclase 
and leucite for those of albite and nephelite, respectively. 

The diagram on PI. 11 shows that the first four orders in each case nearly 
coincide, the boundary lines for potash rocks lying a little to the right of those 
for soda rocks. That is, the limit for each quaric order of potash rocks reaches 
a little lower silica than that for the corresponding orders of soda rocks. 

The diagram also shows that the last four orders in each case differ more 
and more widely as they become more lenic. The range for the potash rocks is 
much more restricted than for the soda rocks, and the limits of orders for the 
potash rocks are higher in silica than for the corresponding soda rocks. This 
is because the potash lenad, leucite, is a metasilicate with 55.0 per cent SiO^, while 
the soda lenad, nephelite, is an orthosilicate with 42.3 per cent SiO,. 

Since most rocks contain both soda and potash, the limits for the orders will 
occur between the extremes illustrated on PI. II, varying with the ratio between soda 
and potash in each case. This explains the confused arrangement of the lenic orders 
in the upper right-hand portion of the diagram^ of persalic rocks on PI. III. 

In this diagram the number of the order of each rock is given by the first figure 
under its individual diagram. The number of the rang is given by the second figure. 
A study of these numbers will show that in the left-hand portion of the large dia- 
gram there is general concordance among the individual diagrams with respect to 
orders and rangs, except near the borders between orders, and between rangs. But 
in the right-hand upper portion of the large diagram there is great confusion of 
orders. It will be noted that where diagrams of different orders occur close together 
that with the higher number is the more potassic, other things being equal. The 
confusion would disappear if diagrams were constructed to exhibit the various sub- 
rangs. The correspondence between the distribution of the persalic rocks according 
to orders in the multiple diagram on PI. Ill and the theoretical limits of the orders 
as shown on PL II is apparent. The orders form belts transverse to the curves 
which are the limits to ideally pure alkalic persalic rocks, namely, those consisting 
wholly of quartz, alkali-feldspars, or lonads. 

As the wholly alkalic rocks occur along the limiting curves just mentioned and 
those free from alkali occur on the bottom line of the diagram, it follows that the 
various i^angs of persalic rocks occur at intervals between these limiting lines; the 
peralkalic nearest the upper curves, the jx^rcalcic nearest the lK)ttoni line. 

The boundary lines bet^veen the 5 rangs of persalic rocks are shown in the 
diagram on PI. 11. The black lines nearly paniUel to the upper curve mark the 
limits for those based on soda alone; the red linos for tiuKso based on potash 
alone. Since most rocks contain both alkalies the limit for rangs will shift 
according to the ratio between soda and potash in tin* ixx^ks. The rangs form 
belts roughly parallel to the limiting curves and bottom line of the multiple 
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diagram. The limiting lines are drawn from the point of pure quartz, where 
they all become zero, to points on lines marking the middle of the perfelic order, 
6 — that is, the lines for mixtures of albite and anorthi.e in the case of pure 
soda rocks, and that for mixtures of orthoclase and anorthite for pure potash 
rocks. The points on these lines occur in the first case where NajO:CaO::7:l; 
Na,0:CaO::5:3; NagOrCaOriSiS; NagOiCaO::!:?. They ooour in the second case 
where K,0:CaO::7:l, etc. From these points the limiting lines pass to corre- 
sponding points on lines representing mixtures of nephelite and anorthite and of 
leucite and anorthite. 

From PL II it is seen that the range of rangs is nearly concordant in the 
quaric orders of persalic rocks and more and more div_-^-ent in the more lenic 
orders ac<jording as the rocks compared are more sodic or more potassic. This 
explains the apparent confusions of i-angs in the right-hand portion of PL III. 

There is a close correspondence between the distribution of the persalic rocks 
ac<;ording to rangs in the large diagram (PL III) and the theoretical limits of 
rangs shown in PL II. This is shown by the second tigu^e under each individual 
diagram. 

The diagram on PL II exhibits the limitations of orders and rangs of the 
persalic rocks containing lenads. These are seen at the right end of the diagram. 
The limiting lines representing combinations of nephelite and anorthite and of 
leucite and anorthite cut diagonally across the belts of orders and rangs. Thus 
in soda rocks whose limits are shown by black lines order 9 has only rang 1; 
order 8 contains rangs 1 and 2; order 7 embraces i-an^^s 1, 2, and 3; order 6 has 
four rangs — 1, 2, 3, and 4, while all five rangs occur in order 5. In potash 
rocks, represented by red lines, the conditions are not quite so simple, as is seen 
in the diagram. Each of the lenic orders has a little larger range in calcic 
content and includes a small amount of a more calcic reng than occurs in the 
purely soda rocks. 

There are variations in composition in rocks not yet taken into consideration 
which further modify the distribution and arrangement of ^ae individual diagrams. 
Most rocks contain femic components, and these are generally low in alkalies or 
free from them. With increasing amount of iionalkalic femic components the 
limits of rangs in the multiple diagram shift downwarl, for rangs are established 
on the ratio between salic alkalies and salic lime — that is, between the K^O and 
Na,0 and the CaO in the standard f(>ldspars and lenads. Consequently the more 
femic minerals present, the loss salic, and the smaller the alkalies necessary to 
maintain a given ratio with diminished salic lime. Hence the boundary line 
between rang 1 and rang 2 occurs farther below the limiting quaitz-feldspar lenad 
curves the greater the amount of nonalkalic femic components in rocks. This is 
evident on comparing rangs in Pis. Ill and IV. 
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In the majority of rocks in which there is more almnina than alkalies there 
is usually more lime than is sufficient to satisfy the excess of alumina, so that the 
ratio between salic alkalies and salic lime, which determines the rang, is 
dependent on the amount of alumina in the rock. From this it happens that 
rocks having like silica percentages and alkali-silica ratios, located near one 
another in the multiple diagram, may differ in rang because of differences in 
alumina. Other things being equal, those with higher alumina will have lower 
ratios between salic alkalies and salic lime; and conversely, those with lower 
alumina will have higher alkali-calcic ratios. And these differences may affect 
the rang of the rocks compared. Examples of this kind are more evident in 
diagrams of rocks of Class II, and are found at 66.3-0.065 and 66.7-0.066, also 
56.6-0.074 and 56.9-0.074, on PI. IV. 

Where the femic components of persalic rocks are alkalic the rocks are always 
in peralkalic rang 1, so that the limit of rang 1 is extended downward in the 
multiple diagram. The individual diagrams for rocks of this kind are character- 
ized by comparatively short Al^Oj lines, less than the sum of K5O and Na,©. 

The effect of increasing amounts of femic components in persalic rocks upon 
the limits of orders is not so easily appreciated, the relations being less simple. 
If we compare two rocks with like silica and alkali percentages, which would 
occur near one another in the diagram (PI. Ill), the more nonalkalic femic com- 
ponents the less salic; that is, the less alumina and the less anorthite. If the 
rocks are quaric the ratio between quartz and feldspar is increased by decreasing 
the anorthite feldspar. But the substitution of FeO, MgO, or CaO for Al^O, 
would require more SiO, to form metasilicates than that required to form anor- 
thite, consequently the free SiO„ quartz, would be reduced, but to a smaller 
amount than the feldspar is reduced, consequently the ratio between the quartz 
and feldspar would be higher in the rock with more nonalkalic femic components. 
The limits between the quaric orders would shift to the right. 

If the rocks are lenic, containing nephelite, sodalite, or leucite, a reduction 
of anorthite feldspar would increase the ratio between lenads and feldspars. A 
substitution of FeO, MgO, or CaO for Al^Oj in amount equal to the CaO of 
presupposed anorthite would necessitate their conversion to metasilicates accord- 
ing to the method of the quantitative classification under discussion. This would 
require more silica than is required by anorthite, so that the amount of alkali feld- 
spars would be reduced and the lenad -feldspar ratio further increased. In case 
the lime were replaced by magnesia and iron oxide and converted into orthosili- 
cates there would be slight change in the silica available for the salic compo- 
nents, because of the general preponderance of magnesia in such rocks, and its 
lighter molecular weight and consequent greater • number of molecules. Hence, 
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in most cases an increase of femic components would increase the lenad-feldspar 
ratio, and tlie limits between lenic orders of persalic rocks would shift toward 
the left. 

In the less frequent cases in which alkali femic components occur, the limits 
between all orders shift to right or left according to the relative proportions of 
the alkali-femic components and according as they are acmite or are free from 
ferric iron. 

The occurrence of magnetite, ilmenite and other mitic components also mod- 
ifies the position of the ordinal limits, but in peralkalic rocks these constituents 
generally occur in such small amounts that their effects may be disregarded in 
the interpretation of the diagram under consideration. 

With respect to subrangs it may be said that in the great majority of cases 
they can be recognized by a comparison of the yellow and green triangles repre- 
senting the relative amounts of soda and potash in the rock. For in most 
instances all of the alkali is salic. In other cases where part of it is femic, the 
ratio between the salic alkalies can be made out by a scrutiny of the triangles 
and a comparison of the amounts of alkalies and alumina expressed by the 
lengths of the potash, soda, and alumina lines. The ratio in this case would be 

AlA-K,0. 

In general, where alumina is in excess of the sum of the alkalies, a comparison 
of the triangles named, or of the lengths df the potash and soda lines, will 

detennine the subrang to which the rock belongs. Those in which ^ ri ^=\ *^ 

in perpotassic subrang 1; those with ^^ < y> « are dopotassic subrang 2; when 

^=^<^>~ the subrang is 3, sodipotassic; when ■ ^^ <^>s it is dosodic, 

subi-ang 4; and with ;^x^< - the subrang is 5, persodic. 

These divisions apply only to the first three rangs. In the fourth rang, which 
is docalcic, there are only three subrangs, namely: 1, ^^ >-- prepotassic; 2, 

^-T< < o > F sodipotassic; 3, ^ ^ < ^ presodic. The fifth i-ang being precalcic, 

subrangs are not recognized. 

A study of the diagrams on PI. Ill shows that soda preponderates over 
potash in most persalic rocks; that sodipotassic rocks, subrang 3, are the most 
numerous; that dopotassic rocks are rare, and perpotassic ones extremely so. The 
numbers of rocks in the 5 rangs are 3, 31, 201, 156, 21. 
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Variations in the femic components, FeO, MgO, and femic CaO, are noticeable 
in the individual diagrams and represent differences among the subordinate 
mineral constituents of the rocks. Their quantity is so small that they may be 
neglected in the magmatic classification of the«e persalic rocks. 

The diagrams plotted together demonstrate the gradual transition between 
orders of rocks of Class I, as well as between rangs and subrangs. And since 
any individual diagram may represent a large body of igneous rock or a small 
facies of one, and since any of the diagrams may represent rock bodies of con- 
siderable importance, it follows that all parts of the series may be of equal 
importance geologically or petrologically, and consequently rocks that happen to 
belong on the border line of any set of subdivisions into which the whole rock 
series must be divided, for purposes of classification of any kind, may be as 
important as those situated at the center of such an arbitrary division, and in 
some regions it will happen that such rocks are the most important. 

When the student has become convinced of the continuity of the chemical 
series of igneous rocks he will not be surprised to discover that a rock of great 
importance belongs on the boundary of a classificatory division, or probably falls 
on both sides of a division line. It will not affect the importance of the rock or 
militate against the value of the system of classification. It will simply be a 
"natural" fact. And the system of classification will appear to him as "natural" 
as any other system which attempts to classify igneous rocks. 

DIAGRAMS OF CLASS U, 

The multiple diagram of 335 dosalic rocks of Class 11 (PI. IV) may be 
readily interpreted by comparison with that of Class I (PI. III). The spotted 
diagram to the left shows the distribution of the analyses with respect to silica 
and alkalies. The rocks are for the most pail; lower in alkalies than those of 
Class I, because the femic components are generally nonalkalic. The few cases 
with rather high alkalies contain acmite molecules, which fact is indicated in the 
individual diagrams by pronounced iron oxide and soda and by low alumina. 
Several of these occur in the left-hand part of the multiple diagram at 74.35- 
0.092, 69.0^0.121, etc. 

The dominant constituents in dosalic rocks being the same as those in the 
persalic rocks, nine orders have been established, in the same manner as in Class I. 
Rangs and subrangs also correspond to those in Class I. So there is the same gen- 
eral arrangement of individual diagrams in PL IV, according to orders and rangs, as 
in the multiple diagram of Class I, with the modifications produced by increasing 
amounts of femic components, for the most part nonalkalic. The belts of orders 
are transverse to the limiting quartz-alkali-feldspar lenad curves. The limits of 



CLASSIFIED BIAGBAMS. 77 

rangs are lower than in the diagram of Class I. There is the same confusion of 
orders and rangs along the division lines consequent upon variations in alumina and 
femic components, and a like diversity of alkalies, shown by the yellow and green 
triangles, with a strong preponderance of soda over potash. The greatest number 
of rocks are dosodic. The numbers in each rang are: 0, 17, 126, 183, 9. 

With an increase in the femic components the variations in iron oxide, magnesia, 
and lime become more noticeable and important, and it is necessary to recognize dis- 
tinctions among the subordinate femic components, that is, to note grads and sub- 
grads. The nature of the grads can not be determined directly from the diagrams 
because it depends on the amount of available silica, which may be combined with 
femic bases to form silicates, pyroxene, olivine, or akermanite, and also on the 
amount of ferric oxide and titanium oxide. The ferric oxide is blended with ferrous 
oxide in the diagrams and is not indicated graphically. Titanium oxide is so small 
in most dosalic rocks that it is not introduced into the diagrams in this Class II. 

It is to be noted, however, that the silica is sufficiently high to form silicates of 
almost all the femic bases, and ferric oxide is in most cases low, so that the great 
majority of dosalic rocks belong to the prepolic grad 1, that in which the femic sil- 
icates — pyroxene and olivine — preponderate over the femic nonsilicates — magnetite, 
hematite, ilmenite, rutile, and the silico-titanate, titanite. 

As to the subgrad to which these rocks belong, by far the largest number contain 
ncnalkalic femic components, and therefore fall in the premirlic subrang 1. A 
small number contain alkalic femic components in nearly the same proportions as 
nonalkalic ones, and fall in the alkalimirlic subrang 2. Some, characterized by 
highly alkalic femic constituents, such as acmite, belong to subrang 3. 

The multiple diagram for Class II (PI. IV) exhibits similar transitions between 
orders and between rangs as those shown by the diagram for Class I, and permits 
the same conclusions to be drawn from it. The chemical series will appear more 
and more complete as more varieties of rocks are analyzed. 

DIAGRAMS OF CLASS lU. 

The chemical relations of the salfemic rocks, Class III, are expressed graphically 

on PL VI. Two of them are so high in silica that they have been plotted on PL 

alk 
IV with rocks of Class II. One is rockallose, with 73.60 SiO,, ^-^^Ig^- I^is 

intermediate between Classes III and II. The other is a pantellerite, with 68.75 

alk. 
SiO,, 0.144 vTrT' ^^ ^ *'®^ intermediate between Classes III and 11. 

The distribution of the rocks with respect to silica and alkalies is shown in 
the upper diagram of PL V. The location of the analyses in the multiple dia- 
gram is still farther from the limiting curves than in Class U, and the silica 
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ranges lower. The alkali-silica ratios reach high values in some cases. TiO, is 
present in notable amount in a number of instances. 

It will be observed that the lower half of the individual diagrams is the 
larger in nearly every case, but the long, narrow, upper triangles indicate that 
there is more alumina than alkalies, and that part of the lime is salic, so that 
the salic components are more nearly equal to the femic than appears at first 
glance. 

There are but two rocks in quarfelic order 3, those mentioned above, and 
plotted on PI. IV. Very few occur in order 4. The greatest number are per- 
felic, order 5, and the lenic orders are well represented. 

Most of the perfelic rocks are alkalicalcic, rang 3, or docalcic, rang 4. The 
few that are peralkalic or domalkalic are low in alumina, as, for example, 54.2-0.160 
and 46.2-0.085. It is noticeable also in the lenic salferaanes, orders 6, 7, 8, and 
9, that the domalkalic character of the salic minerals in a number of rocks is 
duo to low alumina rather than to high alkalies, as 50.00-0.110, 46.00-0.121, and 
42. 7-^). 189. 

There are great variations in the shapes of the diagrams of rocks nearly 
alike in silica and alkali-silica ratio. A few rocks are rich in potash, notably 
thorns from Leucite Hills, Wyoming, 54.08-0.163, and others. A greater number 
wr<^ rli^h in soda, occurring in the upper part of the multiple diagram. But the 
majority are sodipotassic and dosodic. 

Siiim> in these rocks the femic minerals are equal or nearly equal to the 
Mutlo, and in some cases are more abundant, they are as characteristic of the 
vovkn HM tlu) salic minerals. The salfemanes differ considei*ably with respect to 
ttiono I'iMwtituents, which is plainly shown by differences in the shapes of the 
lower imrt of the individual diagrams. Some are long in the direction of lime; 
ulliiM'M U>ag in magnesia. Few have more iron oxide than magnesia. From this 
it fulluWN that the grad, subgrad, and section of subgrad are as important in the 
r,lu««itirutiou of these rocks as are order, rang, and subrang. 

'^^lt^ grad of these rocks can not be determined from the diagrams because it 
iU^lHMidtt upon the proportions of ferromagnesian silicates and nonsilicates deter- 
luiiu'd l».v the available silica and the ferric iron not allotted to acmite.* It is to 
Im' iiiuurktHl that the great majority of salfemic rocks included in the diagrams 
u^l^ iloiM»lii', grad 2 — that is, normative pyroxene and olivine dominate over mag- 
ii(lil4^i luMimtit45, and ilmenite. In most of these rocks there is a notable amount 
III uMriujitivi> uousilicates. The majority of these rocks are perpyric or dopyric, 
niuiiuiitt I luul 2- that is to say, normative pyroxene preponderates over olivine. 

1 1^^ rliuruotur of the subgrad is indicated by the diagrams, since this depends 
upon tlm pruportiuu of alkalies that enter the femic minerals. With few excep- 
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tions the alumina is greater than the sum of the alkalies, so that the femic min- 
erals are nonalkalic and the rocks belong to the permirlic subgrad 1. The 
exceptions to this are the two rocks rich in acmite — rockallose and the rock near 
varingose. 

The diagrams also show that most of these salfemanes are domiric, section 2, 
ferrous oxide and magnesia dominating over femic lime. This, however, is not 
perfectly evident in the diagrams because of the lack of information concerning 
ferric iron and the necessity of deducting salic lime from the total lime. 

Finally, when it is remembered that nearly half the molecules of iron oxide 
belong to ferric oxide, the diagrams show that in most cases the rocks are 
domagnesic, subsection 2, with magnesia dominant over ferrous iron. In a few 
instances they are peimagnesic, which is indicated by long, narrow, blue triangles. 

DIAGRAMS OF CLASSES IV AND V. 

The diagrams of dofemic and perfemic rocks. Classes IV and V, are plotted 
together on PI. VII. This has been done because of the comparatively small num- 
ber of analyses of these rocks at hand and the desire to economize space. The dis- 
tribution of these rocks with respect to silica and the alkalies is shown in the lower 
diagram on PI. V. As should be expected, these rocks are far from the quartz- 
alkali-feldspathic curve, are low in alkalies, and extend to the lowest limit of silica. 
The diagram of one rock comparatively high in alkalies falls outside the area of 
PI. VII, and is not represented. The rock is a nephelite-basalt from Katzenbuckel, 
Odenwald (45.04-0.201)). Individual diagrams belonging to rocks of Classes IV and 
V are designated by Roman numerals, IV and V, before Arabic ones denoting orders 
and sections of orders. 

The arrangement of the individual diagrams in the multiple one is in accord 
with the general system adopted with special reference to the great majority of 
rocks, the more salic ones. The rocks of Classes IV and V are less than one-tenth 
of all that are represented in the diagrams. Their arrangement is related to one 
component of prime importance, silica. But alkalies are extremely subordinate 
and would not properly be chosen as a basis for their coordination were these rocks 
considered by themselves. However, their relations to the more salic rocks are 
exhibited by retaining the same system of arrangement. 

The chief difference between the rocks of Classes IV and V lies in the amount 
of alumina, with which in general there is sufficient lime or alkalies to fonn salic 
feldspars or lenads. In one case only is the composition of the magma such as to 
require the assumption of salic corundum, the rock being magnetite-spinelite from 
Routivare, Sweden (4.08-0.092). Most all of the rocks containing alkalies belong to 
Class IV, but this class also embraces rocks without alkalies, the diagrams occurring 
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on the zero line for alkali-silica ratios. Nearly all the rocks of Class V are so 
low in alkalies as to occur on the zero line. The higher ratios obtaining in several 
iron ores with 4 to 8 per cent of silica may easily be due to errors in chemical analy- 
sis, though, of course, they may be correct values. 

Since dofemic and ;^erfemic rocks are divided into orders according to the 
relative proportions of femic silicates and nonsilicates, and into sections of orders 
according to the proportions of femic metasilicates and orthosilicates, it follows 
that the five orders and sections range according to the silica content of the rock 
from perpolic order 1, perpyric section 1, with highest silica, 55.5, to permitic 
order 5, with lowest silica, 0.7. In like manner the various sections under each 
order range from higher to lower silica. These distinctions do not appear in the 
shapes of the diagrams, but in their lateral position in the multiple diagram. 

With respect to rangs it happens that without exception all the rocks repre- 
sented in this coUeci^ion of analyses belong to permirlic rang 1, the alkalies 
which occur in the rocks being salic, which is shown in the diagrams by the 
alumina line exceeding the sum of those of the alkalies. 

Sections of rangs and subrangs are based on the proportions of femic lime, 
magnesia, and ferrous oxide, but the proportions of ferrous and ferric oxide are 
not indicated in the diagrams. It is to be noted, however, that iron is generally 
subordinate to magnesia in most perfemic rocks with more than 28 per cent of 
silica^ so far as they are represented in the collection of analyses; and when it 
is remembered that a part of this iron is ferric, it will be seen that the propor- 
tion of ferrous iron is smaller than appears in the diagrams. 

While the lime is considerable in a large number of cases, it is very small 
in many of the rocks, and when salic lime is deducted it is found that the femic 
lime is subordinate to the magnesia and ferrous iron in nearly every instance. 
A majority of the dofemic rocks. Class IV, are domiric, section 2 of rang 1. 
A ^mailer number are permiric, section 1 of rang 1. In nearly every case these 
r:«rik» are domagnesic, ^ubrang 2. The iron ores of Class IV are perferrous, 

TVp perfemanes, Class V, with the exception of the iron ores, are permiric 

ami mimiiic in about equal numbers. Lime is subordinate to magnesia and iron. 

1 u•*^ kwticmp to sections 1 and 2 of rang 1. In nearly every case these rocks 

itt« v^nuMfrneac. subrang 1. This is dhown by the elongation of the magnesia 

i*j*« Tii*^ inm ores o* course are perferrous, subrang 5. The abrupt change 

-**»' till tittuiiifiroQS iron ores, below 27 per cent silica, to the magnesium-rich 

mhl^t^^^ Uli^ pei^ceotage of silica is very noticeable. It indicates that the 

. .• iT*-ti^' ^itvoMiitltiidd rocks which have been described by petrographers have 



OORBELATION OF BOOKS DIFFERENTLY CLASSIFIED. iBl 

The diagrams of the different classes of igneous rocks established by the 
quantitative system illustrate the chemical characters of the rocks grouped 
together by this system, and show the degrees of similarity and the ranges of 
variation within the different divisions of the classification so far as they exist in 
the rocks represented by the 977 analyses in the collection. 

A greater number of multiple diagrams representing separate divisions of 
the system will give more definite graphic expression to these minor groups of 
rocks. Their preparation and publication at this time have not been feasible. 
It is possible, also, to devise individual diagrams which shall express more or 
less definitely the nonn of each rock, but these would of necessity be so intricate 
that a larger scale of drawing would be required, entailing serious difliculties of 
publication. 

It is believed that the simpler individual diagrams and more composite 
multiple ones here presented will serve a better purpose at this time in demon- 
strating graphically some of the chemical facts and relationships that have been 
used by Cross, Pirsson, Washington, and the author as the foundation on which 
they have constructed the quantitative sj'stem of rock classification. 

CORREL.ATION OF IGXEOU8 ROCKS CLASSIFIED BY THE QUAISTITATIVE 

AND QUALITATIVE SYSTEMS. 

The classified list of rocks already given shows the character of the correlation 
that may be made of the two systems of classification. The variety of names 
that appear within any one of the more common divisions of the quantitative 
systems is due in part to differences in chemical composition, which are recog- 
nized by subdivisions .of the system of a lower order, as grad and subgrad. It 
is in part due to diversity of texture and mineral development, which is expressed 
in this system })y terms qualifying the magma names. But it is also due to a 
great extent to essential differences in the bases of classification in the two sys- 
tems and to the flexibility of qualitative definitions. 

A ))rief tabulated statement of the salient features of the correlation is given, 
with some general remarks concerning the more common relationships. Greater 
detail must l>e gotten from the classified list and from the collection of rock 
analyses published l)y Washington. 
14474— No. IS— 08 6 
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CHEMICAL COMPOSITION OF IGNEOUS BOCKS. 
CLASS IV. DOFEMANE. 



1. HnB^armre. 


1 1 
2. SfoUre. | 8. STeri^are. ! 4. Adlroadaekare. 

1 • 1 


6. . 




Gabbro and peridotite. 


Iron 


ores. 


8. 1. HlaaeMtlare. 


8. 1. . 


8. 1. Bergenlare. 






Gabbro. 

Wehrlite. 

P>'roxenlte. 


Augite-norite. 

Pyroxenite. 

Neph.-basalt. 


Ilmenite-norite. 






S fi ■ ■- . 


8. S. PaoUare. 


8 2 - — 


8. 2. AdlroDdac k<>rf>. 

Iron ore. 


S ** ■ ■ ■ 


Gabbro. 
Mlawurite. 
Wehrlite. 
Peridotite. 


Gabbro. 

Kos\%'ite. 

Jacupirangite. 

Augite-r>eridptite. 

Hornblende-basalt. 

Neph.-basalt. 


(?) Pyroxenite. 

Avezacite. 

Neph. melilite-baaalt. 


Iron ore. 


8. 8. flnngarlare. 


8. 8. Texlare. 




8. 8. ChampialBore. 




Wehrlite. 

Peridotite. 

Hornblende-picrite. 

Hornblendite. 

Lherzt>lite. 


Peridotite. 

Neph.-basalt. 

Neph. melilite-basalt. 




Iron ore. 




S. 4. . 


8. 4 . 








Peridotite. 
Lfaerzolite. 


Limburgite. 
Neph.-melilite-basalt. 








S. 5. Pyrenlare. 


8. 6. . 








Horublende-peridotite. 
Homblende-lherzolite. 
Venandte. 


Mica-peridotite. 








CLASS V. PERFEMANE. 


1. Haorare. 


! 


6. . 


Peridotite and pyroxenite. 


Iron ores. 


6. 1. CaroUaiare. 










Websterite. 
P>iX)xenite. 
Lherzolite. 






' 




8. 2. Harylaadlare. 


8. 2. . 




8. 2. . 


8. 2 . 


Pyroxenite. 
Koswite. 


Lhersolite. 




Iron ore. 


Iron ore. 


8. 8 . 








8.8. 


Koswite. 








Iron ore. 


8. 4 . 




8. 4 . 






Saxonite. 




Iron ore. 






8. 6. Haoriare. 


8. 6. . 








Dunite. 
Hanburgite. 


Dunite sid6ronitique. 
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Approaching the subject from the standpoint of the qualitative, mineralogical 
system we are interested in the distribution of rocks in the quantitative system 
in the first instance according to their content of quartz, feldspar, ieldspathoid, 
or ferromagnesian minerals. We may consider the distribution of, first, rocks 
containing a notable amount of quartz and their equivalent lava forms; second, 
rocks characterized by feldspar without notable amounts of quartz or feldspathoids; 
third, rocks containing notable amounts of feldspathoids; fourth, rocks composed 
chiefly of ferromagnesian minerals. 

In general, it may be said that the quartzose igneous rocks fall almost without 
exception in Classes I, 11, and III, and those in Class III are comparatively rare, 
so that most quartzose rocks belong to Classes I and II, and those with notable 

amount of quartz ( -r > 7 ) ^^e in orders 4 and 3, very xc.f occurring in orders 2 

and 1, and these only in Class I. 

Nearly all rocks known as granite, granodiorite, quartz-monzonite, quartz- 
diorite, and the rare quartz-gabbros, together with their aphanitic and glassy equiv- 
alents, belong to order 4, Classes I and II, in most part, and to some extent to 
order 3 in Class I, very few being found in this order of Class II. The most 
quartzose rocks belong to Class I. 

Of the minerals associated with quartz the most abundant and frequent are 
feldspars, usually preponderant, and these are distinguished in the qualitative 
system as alkalic, alkalicalcic, and calcic. Since it is generally true that as magmas 
are richer in magnesium and iron thej^ also contain more calcium, it follows 
that rocks richer in ferromagnesian minerals usually carry more calcic feldspars 
than rocks poor in those minerals. Consequently the greater number of quartzose 
rocks with alkalic feldspars occur in Class I, and the greater number with calcic 
feldspars are in Class II; and those with the most calcic feldspar should occur 
in Class III. To this, of course, there are notable exceptions, especially where 
the femic mineral is not ferromagnesian but alkalic, 5>s acmite, in rockallose. 

Most granites are found in Class I, and most of these are in order 4, with 
dominant feldspars; fewer in order 3. Most of these persalanes are peralkalic 
and domalkalic, rangs 1 and 2. But in order 4 a considerable number are alkali- 
calcic, rang 3. The more alkalic rocks are commonly sodipotassic, while the 
alkalicalcic ones are mostly dosodic; that is, with increase of lime there is a 
diminution of potash. 

These quartz-bearing persalanes include rocks that have been named aplite, 
granite, granitite, granodiorite, quartz-monzonite, quartz-diorite, the phanerocrys- 
talline porphyries of these, and quartz-porphyry, rhyolite, dacite, and andesite, 
together with those of special varieties — alaskite, alsbachite, tordrillite, comendite. 
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paisanite, toscanite, and others. Some rocks that fall within the limits of these 
divisions of the quantitative system bear names occurring mostly in other divi- 
sions, such as syenite, nordmarkite, diorite, andesite. These are in part inter- 
mediate rocks deserving double magma names; in part, those, like some andesites, 
whose mineral composition is not completely determinable, and in which the 
quartz content is obscure or uncrystallized. 

A much smaller number of granites belong to Class U, dosalanes. The most 
alkalic members of this class, pantellerite and groinidite, are comparatively rich in 
ferric oxide. 

Most of the quaric rocks of Class II are alkalicalcic and dosodic. The 
greater number of them bear the names quartz-diorite, diorite, and andesite. 

The quaric rocks in Class III are low in quartz, except in the rare varie- 
ties of pantellerite and rockallite. But in the other rocks, also rare, quartz 
occurs in small amount with alkalicalcic feldspars and calcic feldspars. One of 
these rocks is quartz-gabbro, another a diorite, and several others olivine-bearing 
rocks, whose chemical analyses are such that they fall in order 4 of this class. 

Rocks characterized by feldspars without notable amounts of quartz or felds- 
pathoids occur in perfelic order 5 of Classes I, II, and III. 

Among the perfelic persalanes, Class I, the more alkalic rocks are commonest 
(syenites), alkalicalcic ones are rare, while docalcic ones are well known (anortho- 
sites). As to the character of the alkalies, soda preponderates in most cases, 
dosodic rocks being more abundant than sodipotassic ones, which, however, are 
common. 

The names borne by these rocks are: Syenite, nordmarkite, pulaskite, laui-vi- 
kite, bostonite, trachyte, vulsinite, andesite, keratophyre, and others. The most 
sodic rocks have been called albitite; the most calcic, anorthosite. Some of them 
have been called nephelite-syenite, phonolite, leucite-trachyte, and other names. 

The perfelic dosalanes^ Class II, are more common than the extremely felds- 
pathic persalanes, and the alkalicalcic ones are more numerous than the domal- 
kalic or docalcic forms, but these are also well represented. Most of these rocks 
are dosodic, although many are sodipotassic. 

They appear under the names of syenite, umptekite, monzonite, diorite, 
gabbro, norite, trachyte, ciminite, akerite, shoshonite, andesite, basalt, and others. 
They also include some rocks called granite, nephelite-syenite, leucite-trachyte, 
and kersantite. 

The perfelic salfemanes, .Class III, are alkalicalcic and docalcic, and most of 
them are dosodic. They embrace gabbro, norite, ariegite, kedabekite, camp- 
tonite, dolerite, and basalt. The more potassic and sodipotassic rocks of this 
class and order have been called kentailenite, absarokite, and lamprophyre. A 
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few peralkalic rocks belonging here occur at Leucite Hills, Wyoming — orendite, 
wyomingite. 

The rocks characterized by notable amounts of f eldspathoids or lenads — leucite, 
nephelite, sodalite — with the exception of a few that belong in Class IV, fall 
within the lenic orders 6, 7, 8, 9 of Classes I, II, and III. 

Lenic persalanes. Class I, are most abundant in order 6, with dominant 
feldspar, but they are known in each of the more lenic orders. They are mostly 
peralkalic and dosodic, some being sodipotassic. They have been named nephelite- 
syenite, foyaite, ditroite, miascite, phonolite, and tinguaite. Very few contain 
leucite. 

The same is true for the lenic dosalanes. Class 11. Most of them occur in 
lendofelic order 6, but the other lenic orders are represented. 

In order 6 they are mostly peralkalic and domalkalic, and the majority are 
dosodic. They include nephelite-syenite, laurdalite, essexite, tinguaite, theralite, 
and others, besides some rocks called syenite, monzonite, diorite, and gabbro. 

Rocks of the remaining orders are peralkalic and dominantly sodic. A few 
rocks in order 7 are sodipotassic. 

Order 7 contains rocks called lujavrite, tinguaite, tephrite, leucitite, hauyno- 
phyre, and others. 

Rocks of orders 8 and 9 are rare. The first embrace leucite-basanite, leucitite, 
and tinguaite. The ninth order is represented by urtite, an ijolite rich in 
nephelite, and sodipotassic arkite. 

Lenic salfemanes. Class III, are about as numerous as lenic rocks in Classes 
I and II. They are more uniformly distributed through orders 6, 7, and 8. 
Perlenic rocks, order 9, are rare. 

In order 6 there are more alkalicalcic rocks than in the corresponding order 
of ClavSs II. Most of the rocks are sodipotassic and dosodic. The rocks have 
been called shonkinite, leucite-syenite, leucite-monchiquite, monchiquite, limburgite, 
basanite, and others. 

In order 7 the rocks are dominantly alkalic and dosodic. They embrace 
malignite, theralite, nephelite-basalt, nephelinite, and others. 

Order 8 is similar to order 7. The rocks are rarer and a few are dopotassic. 
They are theralite, ijolite, nephelinite, leucitite, and others. 

The rocks of order 9 are peralkalic, and include dopotassic madupite of 
Leucite Hills, Wyoming, and dosodic ijolite, nephelite-porphyry, and nephelite- 
basalt. 

Rocks with preponderant femic constituents, the dofemanes. Class IV, and 
perfemanes, Class V, are distinguished from one another by the presence in the 
former of a notable but subordinate amount of salic, feldspathic minerals and 
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by their absence from the perfemanes. The dofemaned, then, contain either not- 
able subordinate amounts of feldspar, leucite, nephelite, sodalite, or of aluminous 
ferromagnesian, alferric minerals. 

In Class IV the five orders, based on the proportions of normative pyroxene 
and olivine, compared with magnetite, ilmenite, and other nonsilicates, are all rep- 
resented. Orders 1 and 2 are most common. In each of these the more pyroxenic 
sections are better represented than the more olivinic. The rocks invariably 
belong to the permirlic rang, 1; that is to say, the femic minerals contain little 
or no alkiJi. In most cases ferrous oxide and magnesia preponderate over lime, 
and in the majority of rocks magnesia dominates over ferrous oxide. 

In perpolic order 1 the rocks are known in the qualitative system as gabbro, 
olivine-gabbro, norite, koswite, peridotite, pyroxenite, jacupirangite, nephelite- 
basalt, nephelite-melilite-basalt, and limburgite. 

In polmitic order 3, with nearly equal silicate and nonsilicate minerals, the few 
rocks as yet described have been called ilmenite-norite, pyroxenite, avezacite, 
and nephelite-melilite-basalt. 

Orders 4 and 5, with preponderant magnetite and ilmenite, embrace certain 
feldspathic iron ores from Sweden, Canada, and New York State. 

Rocks of Class V are comparatively rare; they have little or no feldspathic 
minerals or aluminous ferromagnesian minei*als. Most rocks belong to perpolic 
order 1, and range from wholly pyroxenic to wholly olivinic kinds. A very few 
rocks fall within each of the other orders. 

In order 1 the rocks have been called pyroxenite, websterite, koswite, peridotite, 
saxonite, harzburgite, and dunite. 

In order 2, with notable, subordinate, nonsilicate minerals, occur a Iherzolite, 
and dunite rich in iron ore. 

In the other orders, 3, 4, and 5, the rocks are titaniferous iron ores, with variable 
amounts of ferromagnesian silicates. In one instance the rock consists of magnetite 
and spinel 
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Absarokite 48,49,86 

Absarokose 48 

Acmite-trachyte 31, 34 

Adamellose 36 

Adirondackare 68-59, 88 

Adirondackase 68 

AdirondackiuAe 58 

Adirondackore 68,88 

Aegirite-granite 28 

Africa, rocks from 44,47,52,53,59 

Akerite 28,40,84 

Akcrose 40 

Alaska, rocks from 23,24,26,28,29,88,41,42,67 

Alaskase 23-24,82 

Alaakite 23,26,28,82 

Alaakite-porphyry 29 

Alaskose 23 

Alhanase 63, 86 

Albanose 53 
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Alsace. rock.s from 24,30,36,42,43,61,61,68 

Alsbachase 24, 82 

Alsbachite * 24, 82 

Alsbachose 24 

Amadorose 30 

America, North, average rock from 38 
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Amphibole-malignlte 52 

Analcite-baaalt 60,61,86 

Anda^e 40-42,86 

AndcHltc 29,30,32,33,36,36,37,38,40,41,42,82,83,84,86 

phonolitic 31 

Andesite-pi>rphyry 29,37 

Andesite-basalt 42 

Andes! te-perlite 30 
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Andose 41-42 

Anorthosite 33,42,43,83,86 

Apllte 23,24,26,28,82 

Aplitic granite 26 

Aplitic granophyre 23, 26 

Argeinose 65 

Ariegite 60,87 

Arizona, rocks from 40,49 

Arkansas, rocks from 81,32,34,35,43,46,53,66,68 

Arkansose 46 

Arkite 46,84 

Ascutney Mountain, Vermont, rocks from 67 

Asia, rocks from 56 

Asia Minor, rocks from 80,37,44 

Atlantare 47,87 
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Augite-diorite 45 

Augite-norite 66,88 

Augite-peridotite 56, 88 

Augite-porphyrite 32, 41 

Augite-porph>Ty 41 

Augite-soda-granite 29 

Augite-syenite 83 

Augitite 48,51,86 

Australia, rocks from 23,26,27,28,36,37 

Austrare 36-38,84,85 

Austria, rocks from 33, 34, 37, 38, 40, 41, 42, 43, 44, 46, 61, 63 

Au vergnase 4^-60, 87 

Auvergnc, rocks from 43 

Auvergnose 49-60 

Average rock, composition of 88,65-66 

Avezaciase 68 

Avezacite 58,88 

Avezacoee 68 

B. 

Baden, rocks from 89,40,41,60,61,62,56,67,58 

Baltimorase 60 

Baltimoriase 69 

Baltimorose 60 

Banakite 40,41^84,85 

Banatite 80,88 

Bandase 88,86 

Bandose 88 

Basalt 40,41,42,43,45,47,48,49,50,62,84,85,86,87 

Basanite 45,46,84 

See also Leacite, Nephelite-basanite. 

Bavaria, rocks from 23,64 

Bearpaw Mountains, Montana, rocks from 27, 40 

Becke, F., diagrams used by, description of 11 

Beemeroee 34 

Beerbachite 42,85 

Beerbachose 42 

Belcherose 64 

Belgare 82-88 

Bergenase 58 

Bergeniare 68,88 

Bergeniase 58 

Bergenose 68 

Black Forest, rocks from 27 

Bogoslof Island, Alaska, rocks from 41,42 

Bohemare 63,86-87 

Bohemia, rocks from 24,41,42,44,48,51,63 

Borolanite 44,84 

Borolanose 44 

Bostonite 31,83,82 

quartz-bearing 27 
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BrandbeiKOfle 66 

BrazU, rocka from 81,34,89,44,46,61,66,67 

Brltannare 26^,82-«S 

BrltiRh Guiana, rocka from 29, 88 

Br&Kger, W. C, cited on production of similar rocka 

from different magmas 67 

diagrams used by, description of 18, 18 

C. 

California, rocks from 23,24,26,26,27, 

28, 29, 80, 31, 37, 38, 89, 41, 42. 43, 49, 50, 65, 60, 67, 68 

Campanare 46,84-86 

Camptonase 48-49,86 

Camptonite 42,49,50,51,53,86 

Camptonitic tinguaite 46 

Camptonose 49 

Canada, rocka from 81,32,33,34,40,42,44,62,58,69,62 

Canadare 31-33,82-83 

Canadase 33,88 

Cape Colony, rocka from 47 

Cape Verde, rocks from 62, 63 

Caroliniare i»-60,88 

Casselase 57 

Casseliase 67 

Casselose 57 

Castle Mountains, rocks from 40, 48 

Cecilose 60 

Celebes, rocka from 31,82,34,40,44 

Champlainase 69 

Champlainiase 69 

Champlainore 69,88 

Chibinite 45,84 

Chile, rocks from 28,39,42,51 

Chotase 53,86 

Chotose 53 

Christiania region, Norway, rocks from 67-68 

Ciminlte 39,40,84,85 

Cimlnose 89 

Clarke, F. W., cited on composition of average rock. . . 65, 66 

Classification of igneous rocks, methods of 68-70 

Colombia, rocks from 30,36,37,40,41 

Coloradase 30, 83 

Colorado, rocks from 28,26,27,28,29,30, 

31, 33, 34, 37, 38, 39, 40, 41, 42, 43, 44, 45, 48, 49, 51, bo, 67, 68 

Coloradose 30 

Columbare 23-25.82-83 

Columbretes Islands, rocks from 33. 34, 40 

Comendite 26,82 

Connecticut, rocks from 26, 28, 33, 49, 67 

Cookose 54 

Correlation of igneous rocks, tables showing 81-92 

Corsase 43,85 

Corsite *. 43,85 

Cortlandtase 56 

Cortlandtiase 55 

Cortlandtose - 66 

CoWte 42,44,84 

Covose 53 

Crazy Mountains, Montana, rocks from 31, 

33,39,41,42,62,56,67 

Cripple Creek, Colorado, rocks from 67 

Cross. Whitman, diagrams used by, reference to 11 

letter of, transmittal by 7 

Custerose 55 
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Daeite 28,29,30,36,37,82,83,84,85 
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Dargose 82 

Dellenlte 27,82 
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Diabase-syenite-porphyry 42 
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classification of. Class 1 71-76 
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Classes IV and V 79-81 

I discussion of 68-81 
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Diorite 29, 
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Dlorite-porphyrite 42 

; Diorite-porphyry 40 

I District of Columbia, rocks from 38,47 

I Ditroite 34,40,82,84 

Dofemane 64-69,88 

Dolerite.- 88,41,42,43,49,85,87 

I Domite S2 

j Do^alane .* 85-47 

Dunase 61 

Duniase 61 

Dunite 61,88 

Dunite sid4ronitique 61,88 
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Eleolite-mica-syenite 

Elsass. See Alsace. 

j England, rocks from 

Essexase 44,84 

Easexite 40,42,44,45,49,84,85,86 

, Essexose 44 

Etindase 53,86 

Etindose 63 

Extreme types, discussion of 64-66 

Farrisite 52,86 

Feldspar-porphyry 29 

Fclsitc 35.84 

Felsite-porphyry 23, 24 

Ferdinandea, rocks from 42, 68 

Fergusose 48 

Fichtelgeblrge. rock from 23 

Finland, rocks from . . 24, 26, 31, 33, 34, 35, 39, 45, 46, 47, 52, 64, 67 

Finnare 63-54,86-87 

Fourchite 60,87 

Foyaite 31,34,36,43,82 
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Qarnet-pyrozene-malignlte 62 

Gennanare S»-l8,8i-85 

Qermanjr, rocks from. ... 23, 26, 81, d4, 46, 49, 60, 61, 68, U, 66, 67 

Glass, andesitlc 42 

Graham Island, rocks from 42 

Granite 23,24,26,26.27,28,29,80,87,88,89,82,88,94,86 
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Granite-syenlte-porphyry 27,28 
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Harzose 37 
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Heronite 34,82 
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Hessase 42-43,86 

H essose 42-43 
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Heumlte 39,44,52,84,86 

Highwood Mountains, Montana, rocks from 31, 

36,40,41,43,51,52 
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Homblende-gabbro 46, 52 
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Horn blende- vogesite 51 
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Hungararc 64-56, 88 
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Ireland, rockfrom 28 

Iron Mountain, Mismurl, rocks from 67 
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GEOLOGY AND PHYSIOGRAPHY OF CENTRAL WASHINGTON. 



By George Otis Smith. 



INTRODUCTION. 

Central Washington includes a part of two great topographic provinces, the 
great plain of the Columbia and the Cascade Range. The former, in its position 
and general desert-like character, suggests at once a resemblance to the Great Basin 
of Utah and Nevada; and the vastness of the desert plain is emphasized by the snowy 
peaks of the Cascades along its western border. These provinces are not to be 
regarded as unconnected in their geologic history, however great the contrast in 
their general features. The intermediate zone between the great plain on the east 
and the mountain range on the west is a strategic point for the investigation of the 
geologic structure and history and the interpretation of the present topography of 
both provinces. On the extensive basalt-covered plain monotony wearies the 
traveler, while on the rocky peaks of the Cascades the complexity taxes the powers 
of the observer. 

Yakima River, an important tributary of the Columbia, drains a large area on 
the eastern slope of the Cascade Mountains, and in the medial portion of its course 
this river traverses a region which shares many of the features belonging to the 
two provinces mentioned above. The Mount Stuart and Ellensburg quadrangles** 
are situated close to the geographic center of the State of Washington and include 
an area of about 1,600 square miles. In the southern portion of this area the country 
is characterized by broad valleys and low, gently sloping ridges. The general absence 
of forest trees and the abundance of the sagebrush are other features that remind 
the traveler of the great plain to the east. In the northern part of the Mount Stuart 
quadrangle the ridges are of a bolder type and the extremely- rugged topography of 
Mount Stuart and other portions of the Wenatchee Mountains suggests at once the 
main range of the Cascades. These two quadrangles have been surveyed both topo- 
graphically and geologically, and the results of these surveys constitute the basis of 
the present paper. 

a Under the plan adopted by this survey for the preparation of a geologic map of the United States the entire area is 
divided into small quadrangles, bounded by certain meridians and parallels, and each is named from some well-known 
place or feature appearing in it. 

9 
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In the preparation of this paper I have had the privilege of frequent conference 
with Mr. Bailey Willis. His familiarity with the area here described has given 
special value to his helpful criticism, which is gratefully acknowledged. Portions of 
the area described by Mr. Willis have also been visited by myself, and I believe the 
conclusions reached in his paper to be in general agreement with the results of the 
work in central Washington. The separation of the two areas and the fact that 
the field work was more or less distinct and conducted under different conditions led 
to the publication of our results as two papers, rather than as a joint contribution to 
the geology of the region. In the mapping of the Ellensburg quadrangle 1 was 
assisted by Mr. Frank C. Calkins. 

The results of this survey have been published in the Ellensburg folio, No. 86, 
of the Geologic Atlas of the United States. 

liTTERATUBE. 

A glance at the literature which is available regarding this area will serve to 
show the present state of our knowledge of the geology and physiography of central 
Washington. Russell ^ records the occurrence of older crystalline rocks in this area, 
separated by an unconformity from overlying sediments of early Tertiary age. Above 
these, with another unconformity, is the great series of lava flows, named by Russell 
the "Columbia lava," * above which is another sedimentary series of Miocene i^e, 
correlated by Russell with the John Day beds of Oregon. Professor RusselPs deter- 
mination of the age of the Cascade Range as post-Miocene^ is provisional only, but 
the antecedent character of the main streams of the region is more definitely stated, 
as follows: 

''The evidence that the main drainage lines of central Washington were estab- 
lished before the present relief was initiated is cumulative and abundant. The rivers 
began to flow when Lake John Day was drained and had their courses determined by 
the slope of the surface of the bottom of the old lake. Since thfen mountain ranges 
have been formed by faulting, but the larger streams, i. e., the Columbia and Yakima, 
were able to cut down their channels as rapidly as the ridges were upraised athwart 
their channels."^ 

The structure of the range is thus described: 

"It seems probable that the Cascades are formed to a large extent of tilted 
blocks of basalt which were origmally horizontal, and belong to the same series as 
the Columbia [River] lavas farther east, which have been, in comparison, only 
moderately disturbed. The Cascade Mountains, at least in the State of Washington, 
do not seem to have been formed mainly by the piling up of erupted material, as has 
been suggested in explanation of their origin farther south, but are due to the 

a A geolofncal reconnaissance in central Washington. Bull. U. 8. Geol. Survey No. 106, pp. 20-25. 

frThis has later t>een termed by Russell the Columbia River lava. 

«Ibid.. p.24. <fn>id.,p.97. 
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uplifting and tilting of preyiously consolidated lava sheets, as well as of granite and 
coal-bearing strata, which occur high up on each flank of the mountain, and even 
form portions of the main divide. The great volcanoes which appear so prominent 
along the general trend of the range are secondary to the main mountain building.'^ ^ 

In a later publication^ Professor Russell describes more fully the Columbia 
River lava, and states that its maximum thickness in the Snake River region is 
over 5,000 feet. ^ The geologic history of the whole of the Columbia Plains area is 
sketched.^ In early Tertiary times there were mountains in what is now northern 
Washington and eastern Idaho, but the central and southern portions of the Cascades 
were not yet in existence. In the area now including the great plain of the Columbia 
sedimentation went on in early Tertiary times, clays and sands being deposited, with 
accumulations of vegetable matter later changed to coal. Upheaval of these sedi- 
ments *' brought these once level sheets of rock above the sea and raised them into a 
mountain range, the southern Cascade." Erosion followed this upheaval, and later 
came the eruptions of the basaltic lavas which were spread over thousands of square 
miles. Succeeding the volcanic outbursts came lacustral sedimentation in broad 
lakes, probably formed "by the upheaval of the Cascade Mountains." These 
Miocene sediments are those which Professor Russell earlier called the John Day. 
Since the draining of the Miocene lakes Snake River has performed an immense 
task, having carved in the basalt plateau a gorge about 15 miles broad at the top 
and in places about 4,000 feet deep. 

A later paper gives a fuller development of Professor RusselFs * interpretation 
of the geologic history of the Cascade Range. The geologic formations are more 
fully described, mention being made of the older metamorphic schists, the igneous 
rocks, granite, greenstone, and serpentine, the sedimentary rocks of pre-Cretaceous, 
Cretaceous, and Tertiary age, and the Columbia River lava and volcanic rocks of 
Glacier Peak. On the subject of the structure of the northern Cascades Professor 
Russell says: ** It will be seen that the structure of the range is highly complex, and 
is by no means a single great, north-south anticline, or a simple monoclinal \)lock 
sculptured by erosion. 'V Attention is also called to lateral folds and faults on the 
eastern side of the range in central Washington, and the age of these secondary 
disturbances is shown to be late Tertiary or post-Tertiary, and apparently 
contemporaneous "with the latest great upward movement in the Cascade Mountain 
mass." Again the author notes the antecedent character of the Columbia and 
Yakima^ which cross in narrow gaps these "tilted blocks." The origin of the range 

a A geological reconnaissaDce id central WashiDgton- Bull U. 8. Geol. Survejr No. 106. p 90. 
bk reconDaisBance in 9oathern Washington. Water-Sup. and Irr. Paper No. 4, U. S. Oeol Survey, 
c I bid , p. 42. d I bid. , pp. 8S-98. 

e A preliminar>' paper on the geology of the Cascade Mountains in northern Washington: Twentieth Ann. Rept. 
U S. Geol Survey, pt 2. 
/Ibid, p 137 
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is tboB stated: ^^The Cascade Mountains* as we koow thenu seem to have been carved 
from an upraised peneplain. This plain we term the Cascade peneplain, and the 
plateau may be conveniently designated the Cascade plateau."^ UusselKs hvpotbesis 
of a Cascade peneplain rests upon the presence of truncated folds, stream erosion 
having reduced the whole region nearly to sea level. ''During the later portion of 
the time of ba.se-leveling, the widely spread sheets of Columbia [River] lava were 
poured out. The date of the period of planation is shown approximately by the 
fact that folded beds of Eocene age were truncated. The broad peneplain must 
therefore have reached its greatest degree of perfection in late Tertiary time, 
probably extending into the Pleistocene."'^ It will be noted that the epoch of great 
basalt eruptions is thus included in the period of reduction to base-level. 

In brief. Professor RusselKs *' conception of the origin of the larger topographic 
features of the northern Cascades is that the region, having a complex structure, 
was reduced by erosion to a condition of low relief, and at a later date than the folding 
of the Tertiary sediments and the outspreading of the Columbia [River] lava was 
broadly upraised about 7.500 feet in the axial region. The courses of the larger 
streams were then established and the plateau was deeply dissected.*'^ The author 
then describes the extent to which the dissection of the Cascade plateau has proceeded, 
and mentions in this connection the striking feature that the larger streams of central 
Washington, of which Yakima River is the best example, have carried the low grade 
far back toward the axis of the range.** It is also noted that the courses of the 
streams are in a marked way independent of the structure of the upraised region.' 

In attempting to determine the position of the upraised peneplain surface^ 
Profe&sor Russell observes that no recognizable flat-topped remnants of the original 
plateau are to be found in the more elevated portions of the range, but that the 
sharp-crested ridges and acute peaks may testify to a general diminution in height 
in the case of the soft rocks, while the harder rocks, such as the granites, more 
nearly approximate the original elevation of the plateau. Such evidence that the 
surface of the Cascade plateau has been somewhat lowered by erosion is not 
thought by Professor Russell to be conclusive.-^ 

In a later paper,^ Professor Russell goes into a discussion of the character of the 
plateau which was built up by the Columbia River lava. Taking as a premise the 
general parallelism of the succession of the lava flows as exposed in canyon walls, 
he argues that during the period of eruption there were no general movements such 
as would cause unconformities within the Columbia River series. This lava is 

a A preltmiDaiy paper on the geology of the Cawade Moimtaim in northeni Washingtoo: TwentleUi Ann. Rept.. 
U. S. Geol. Sunrej. pt. 2. p. 140. 

6 ibid,, p. 144. '^ Ibid., p. 142. ^ Ibid., p. 145. r Ibid., p. 150. / n>ld.. p. 141. 

Tbe geologjr and water resources of Nez Petces County. Idabo: Water-Sap. and Irr. Paper No. 51. V. 8. Oeol. Survey. 
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believed to have been poured out in a ''series of vast inundations over a deeply 
eroded land surface." Since the series is in places over 4,000 feet thick, if there was 
no subsidence during the period of eruption the surface of the last flow must have 
had at least that elevation above the sea. That there were no movements producing 
a depression during the period of eruption is believed by Professor Russell on the 
grounds that there are no marine sediments interbedded with the lava sheets; and 
neither have unconformities been detected in the eastern portion of the area covered 
by the Columbia River lava. On this account the horizontal surface of the lava 
plateaus in eastern Washington and Oregon and the adjacent part of Idaho should 
have an elevation of at least 4,000 feet or more above the sea. On the contrary, the 
elevation of such plateaus is between 3,000 and 3,300 feet, and this difference of 
approximately 1,000 feet is supposed by Russell to indicate a general subsidence of 
the eastern portion of the lava region. In his discussion of the drainage of this area 
Professor Russell, however, still regards Snake River where it crosses the lava 
plateau as an antecedent stream. 

GEOI.OGY. 

FORMATIONS. 

The two quadrangles which this paper chiefly describes contain rocks of various 
ages. The geologic section is fairly representative for the whole State, and its dis- 
cussion is therefore of more than local interest. Pis. Ill and IV show the geolog}' 
of characteristic portions of the two quadrangles. The separation of the older and 
the younger rocks is an obvious one, and would be noted by any close observer. In 
a general way it may be stated that within this area the oldest rocks lie to the north, 
in the vicinit}' of Mount Stuart, and the youngest to the south. To describe this 
section as a southward-dipping monocline, however, would be misleading, since 
this would disregard the many marked unconformities which separate the different 
formations. 

In this chapter the rocks will be grouped according to age as pre-Eocene, Eocene, 
and Miocene and later. The first class includes rocks that are unfossiliferous and 
plainly more or less altered, with intrusive rocks predominating. Above the base 
of the Ek)cene the rocks are fresher in appearance and contain fossils by which their 
exact age is determined, while the igneous rocks are chiefly surface volcanics. The 
Miocene rocks are so fresh appearing that in places it is difficult to distinguish them 
from recent deposits. Thus it will be seen that the grouping adopted is a natural 
one. 

These formations are more fully described in the Ellonsburg folio, No. 86, and 
the Mount Stuart folio, which is in the course of publication. 
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PBE-EOGENE. 

JSdston schist — ^This is probably the oldest rock to be found in central 
Washington. It is not shown upon either of the accompanying geologic maps, 
but occupies a few square miles in the southwestern part of the Mount Stuart 
quadrangle and extends westward into the Snoqualmie quadrangle. Here it forms 
m large part the southern wall of the Yakima Valley, and is especially prominent 
southeast of the town of Easton. 

The Easton schist is typically a silver-g^y or green rock, composed principally 
of quartz and micas. The schist is extremely crumpled and is gashed and seamed 
with veins and stringers of quartz. Associated with this quartz-mica rock are other 
schists, containing hornblende or epidote, while quartzite is also found. The 
occurrence of this quartzite in close association with the schists is believed to 
indicate the sedimentary origin of the schists. 

Peshastm ybrmation. — South of the Mount Stuart massif occurs a series of 
sedimentary rocks that may rank next to the Easton schist in age. These are black 
slate, with grit or conglomerate, and bands of black chert and lenses of light-gray 
limestone interbedded with the slate. In places these rocks show metamorphism by 
the igneous rocks with which they are in contact, and nowhere in the many expos- 
ures of this formation have any traces of fossils been discovered. 

It seems plausible to assign this sedimentary formation to the Paleozoic, and it 
is possible that it is of Carboniferous age. This age determination rests simply 
upon a general resemblance of the formation to the Carboniferous rocks of the 
Sierra Nevada and of British Columbia. Rocks also strikingly similar to the 
Peshastin formation are found in the Blue Mountains of Oregon and in the Okanogan 
Valley in northern Washington. 

Hwwhhis formation. — This is a volcanic series of flow-bi-eccias, tuffs, and 
amygdaloids. These rocks are dark colored, green, or purple, extremely altered, 
and everywhere exerting a marked influence upon the topography, rough slopes with 
ragged crests being characteristic of this formation. While composed largely of 
secondary minerals, these lavas and tuffs preserve their original textures, and 
microscopic study shows that the rocks were originally composed of augite and 
plagioclase, with diabasic texture. The whole series undoubtedly represents surface 
lava flows with associated tuffs. The Hawkins and Peshastin formations have been 
intricately mingled by close folding, while subsequent intrusions of igneous rock 
have also obscured relations. 

Igneous rocks. — Surrounding the older rocks just described are great belts of 
serpentine. This rock is intrusive, and its extent within the Mount Stuart quad- 
rangle is important, since it covers nearly 50 square miles. The serpentine is an 
altered phase of peridotite, the latter rock being found in its original state at many 
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places in the area. No rock can be more varied in color or in physical characters 
than is this serpentine. It ranges from bright red to light green in color, and forms 
bold crags with gigantic talus blocks below, or rounded hills covered with fine 
shingle resembling broken glass. 

The serpentine and older rocks in which it is intruded contain gold and copper 
veins. Locally such veins have been found to be very rich« but the amount of low- 
grade ore far exceeds these bonanzas. 

This serpentine is intrusive in the Peshastin and Hawkins formations, but is 
itself cut by dikes of light porphyritic rock. These latter are doubtless connected 
with the great batholith which forms Mount Stuart. The rock of the batholith is a 
typical granodiorite, often containing quartz, but too basic to be called a granite. 
It is a gray granular rock, quite granitic in appearance. Generally fresh and unaf- 
fected by surficial alteration, its constituent minerals can be seen to be white feld- 
qpar, black mica, and hornblende, with a few grains of quartz. The granodiorite is 
everywhere massive, but is jointed and sheeted, this feature giving rise to the spire 
and minaret details so characteristic of the crest line of Mount Stuart. Dikes of the 
granodiorite can be traced extending out into the serpentine* so that it is plainly the 
youngest of the pre-Ekx^ne rocks. 

EOCENE. 

Sicauk formatioti. — ^The oldest of the four Eocene formations is 'the Swauk 
formation, a series of sandstone, conglomerate, and shale, measuring in places at 
least 5,000 feet in thickness. The age is definitely determined as early Ekx»ne by 
the fossil flora, and the basal beds are seen to be separated by a great unconformity 
from the formations upon which they rest. The conglomerate beds are mostly in 
the lower part of the section and the basal conglomerates are often peculiar in that 
the pebbles and bowlders are derived almost wholly from the rock upon which the 
conglomerate rests. Thus, the conglomerate may be composed of granodiorite 
bowlders in an arkose matrix or of serpentine blocks embedded in a sand of the 
same composition. The sandstone is for the most part arkose in character, although 
to the east the sediment shows better sorting and is more quartzose. The shale is 
often quite carbonaceous and rich in fossil leaves. 

This formation is of economic importance from the gold veins it contains in the 
Swauk Basin. Most of the gold, however, is found in placers, but the gravels have 
all been derived from the Swauk formation and the gold is coarse and has not been 
carried far from the parent lodge. 

Teanaway hnMaft. - Overlying the Swauk sandstone and separated from it by a 
slight unconfonnity is a volcanic formation. The Teanaway basaltic series comprises 
lava flows and interlieddcnl tuffs. The l^asalt is black and very compact and makes a 
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prominent rock. The tuffs are very irregular in their distribution and the thickness 
of the whole series varies within the area from thousands of feet to a few hundred. 

This basalt has been termed by Russell the lowest or first sheet of Columbia 
River lava, but its importance in the stratigraphy of the region seems to warrant a 
more definite separation from the Miocene lava to be described later. The most 
striking feature of the Teanaway basalt is the occurrence of hundreds of dikes which 
cut through the underlying Swauk formation and connect with this surface flow. 
The opportunity is afforded for obsei*ving almost diagrammatically the evidence that 
these basalt flows were erupted through many fissures, and for the most part the 
eruption appeared to be unaccompanied by any disturbance of the underlying rocks. 

Roslyn formation. — ^This sedimentary formation overlies the basalt without any 
apparent structural break, but also without any evidence of transitional sedimenta- 
tion of interbedded sands and tuffs. A few pebbles of basalt in the basal beds show 
that locally there may have been erosion of the lava before the sedimentary beds 
began to be deposited. The Roslyn formation contains sandstones and shales, resem- 
bling the earlier Eocene sediments somewhat. Carbonaceous material becomes more 
important in the upper portion of the formation, where there are several beds of 
coal. The Roslyn coal seam is of commercial importance, and excellent steam coal 
is mined in quantities that give the Roslyn mine the first place among the coal mines 
of Washington. 

Maimstash formation. — So far as known this formation is limited to the South- 
western part of the Mount Stuart quadrangle and the adjacent portion of the Snoqual- 
mie quadrangle. It is a series of sandstone, shale, and conglomerate beds, con- 
taining some seams of carbonaceous material, mostly bone. Fossil plants from the 
shales determine the age of the formation as Upper Eocene, and it is therefore to be 
correlated with the Clarno formation of the John Day Basin. Although these beds 
are somewhat younger than the Roslyn formation, which occurs a few miles to the 
north, the Manastash rests directly upon the old E^ton schist, and this relation is 
believed to indicate nondeposition of the earlier Eocene sediments in this area. 

MIOCENE AND LATER. 

Yakinia hdsalt, — This basalt of Miocene age covers a considerable area in the 
Mount Stuart quadrangle and the larger part of the Ellensburg quadrangle. It 
extends to the northeast, east, and south of these quadrangles, and also forms a 
portion of the higher part of the range west of the Ellensburg quadrangle. The 
base of this great series of lava flows is exposed at many points in the Mount 
Stuart quadrangle, and the lavas are here seen to rest unconformably upon the 
Eocene formations. This unconformity between the Yakima basalt and the Manas- 
tash formation fixes the age of the lava as early or middle Miocene. It is, in view of 
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the age determination, possible for this formation that the name Yakima has been 
applied to it. In earlier reports on central and southeastern Washington, Professor 
Russell applied the names Columbia lava and Columbia River lava to this rock. He, 
however, included not only the Miocene but also the Eocene and possibly the 
Pliocene basalts, as well as the hypersthene-andesite occurring along Naches River, 
which will be mentioned later as of Pleistocene age. It became necessary in 
course of detailed areal mapping to separate these various igneous rocks, and there- 
fore the name Yakima has been applied to this formation, which includes only the 
basalt flows and interbedded py roclastics which are of Miocene age and thus constitute 
a series that can be taken as a unit since it represents the products of a volcanic 
activity uninterrupted by any other important geological process. The Yakima 
basalt is a normal feldspar basalt containing the usual constituents, plagioclase, 
augite, and olivine. It is commonly a glassy lava, and in some localities large masses 
of pure basalt glass can be found. The rock is always dull in color and no crystals 
can be distinguished except by means of the magnifying glass. In a few localities, 
notably Bald Mountain, in the Ellensburg quadrangle, the series includes large 
quantities of fragmental material, the yellowish tuffs including irregular blocks of 
jet-black glass, some of which undoubtedly represent bombs ejected from the center 
of eruption. Along Yakima River the tuff beds and scoriaceous lavas are less 
conunon than the compact lava. 

The number of lava flows in this series varies widely in different parts of the 
area. At no point is the whole series exposed. The sections shown in Yakima 
Canyon, where over 2,000 feet of basalt are exposed with neither the top nor base of 
the series visible, indicate that the actual thickness of the Yakima basalt is probably 
to be measured in thousands of feet, and 5,000 feet is undoubtedly a conservative 
estimate. The columnar structure is the most noticeable feature of the basalt where 
it is exposed in the canyon walls. 

In a portion of the Ellensburg quadrangle slightly later flows of basalt occur 
interbedded with the sandstone which overlies the Yakima basalt. These have been 
included in the Wenas basalt, which is a formation of only local importance. 
Similar sheets of basalt are doubtless to be found in other portions of the great area 
covered with Miocene basalt. 

EUenshurg formation. — The only formation in central Washington which is 
known definitely to be of Miocene age is the Ellensburg sandstone. Collections of 
fossil leaves made by Professor Russell in 1892 near Ellensburg and by myself in 
1900 in Kelly Hollow have afforded material for the determination of the age of the 
formation, which Dr. F. H. Knowlton fixes as late Miocene. This determination 
correlates the Ellensburg formation with the Mascall formation of the John Day 
14493— No. 19—03 2 



18 OONTRIBUTIOHS TO GEOLOGY OF WASHINGTON. 

Basin in Oregon. The Ellensburg formation al^o resembles the Mascall in its com- 
position. Both formations are composed largely of volcanic sediments, the sand- 
stones and shales consisting of the finely comminuted andesitic material and the 
conglomerates containing pebbles and bowlders of andesitic lavas. Iii both cases the 
lava from which the sedimentary material was derived is not exposed within the area 
where the sedimentary rocks have been studied. This volcanic series doubtless 
oaturs in the higher parts of the range to the west. 

Along Naches River over 1,500 feet of the Ellensburg formation are exposed, 
and the formation is characterized by coarseness of material, together with its 
prevailing andesitic composition, and also the common occurfence of stream bed- 
ding. A section of this formation exposed at White Bluffs, on Columbia River, 
is described by Professor Russell^ as consisting of ''fine, thin-bedded sand and clay, 
with layers of pure white volcanic dust." The field evidence, therefore, indicates 
that in the Yakima region the Ellensburg formation is to t)e considered as of 
fluviatile origin, while farther east along the Columbia the formation is plainly 
of truly lacustrine type. The cross stratification or stream l)edding shows that the 
material was distributed by eastward-flowing streams. These stream sediments vary 
considerably in thickness within short distances, as would be expected, and at some 
points the stratification is so confused that individual beds can not be traced far. At 
localities, both in the Ellensburg and the Mount Stuart quadrangles, bowlders of 
andesite measuring at least 5 feet in diameter have been found in the Ellensburg 
conglomerate, proving that powerful currents must have transported the material. 

Later lavds, — The lava from which the Ellensburg sediments were derived was 
light-colored and contained hornblende as an original constituent. Later lavas of 
a somewhat different type occur in central Washington. The most prominent of 
these is the hypersthene-andesite which forms a long lava stream extending from 
the Tie ton Basin we^t of the Ellensburg (quadrangle down Tieton Canyon and 
along the Naches Valley nearlj'^ to Yakima River. This lava was erupted after the 
basalt and Ellensburg rocks had been uptifte<l to their present positions, and at a 
time when the topography was essentially the same that it is to-day. The lava 
is, therefore, of Pleistocene age, and where not exposed to erosion by Tieton River 
the lava stream preserves the form which it took when it came to rest. The surface 
of the andesite plateau l>etween Naches River and Cowiche Creek is exceedingly 
hummocky and full of undrained basins, while its margins, which have been affected 
by stream erosion, show the radiating columns into which the lava parted at the 
time of its consolidation. 

Somewhat different lavas occur on the middle fork of Teanaway River, where 
rhyolitic rock is seen to rest upon the eroded surface of the older rocks. The age of 

a Bull. V. S. Oeol. Suney No. 108. p. 97. 
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this lava is somewhat problematical, but evidently it is considerably younger than 
the Ek)cene rocks with which it is in contact. 

Pleistocene deposits. — In the heart of the Cascade Range the valleys of the 
larger streams exhibit abundant evidence of glaciation. Within the area here 
described glacial deposits are not found except in the vicinity of Mount Stuart, 
which was a local center of glaciation. The valleys of Yakima River and most 
of its tributaries within the Mount Stuart quadrangle are gravel filled. These 
valley gravels attain great prominence in the upper valley of the Yakima and 
plainly once filled it to a considerable height, and diamond-drill records indicate 
that the river has not yet reached its former floor. The gravel terraces constitute 
a noticeable feature here, but are nmch less important than similar terraces upon 
the Columbia, which will be mentioned by Mr. Willis. In the Swauk drainage 
basin these terrace gravels are auriferous and have been mined for many years. 

STRUCTURE. 

Certain of the structural features have been mentioned in the foregoing 
description of the formations. A more complete statement of what has been 
learned concerning the geologic structure of the region will be given here, since 
the area affords excellent opportunities for studying the course of events in the 
dynamics of the mountain building. The two quadrangles present two types of 
structure, but both are representative for the Cascade Range. 

MOUNT STUART QUADRANGLE. 

The oldest rocks were intricately folded and faulted before the intrusion of 
the peridotite, and this accounts for the greater metamorphism which characterizes 
the schists, slates, and greenstones. The intrusive peridotite, now largely altered 
to serpentine, appears to have suffered similar dynamic action, but its record of 
deformation is doubtless much less significant. The rock is commonly crushed and 
sheared, but this condition indicates rather a lack of resistance on the part of the 
soft serpentine than intensity of the deformation forces. In fact, in large measure, 
the development of the zones of sheared material within the serpentine mass may 
have been due to the expansion incident upon the serpentinization of the peridotite. 
This alteration, with the resulting crushing, is known to be pre-Ek)cene in age, sinc^ 
the bowlders with slickensided surfaces, so characteristic of the zones of shearing, 
are found in the basal conglomerates of the Swauk formation. 

The jointing of the granodiorite is its only structural feature, since nowhere is 
the rock schistose. This batholithic intrusion doubtless played a considerable part 
in the pre-Ek)cene structure of the region, but no deformation of the older rocks can 
be definitely traced to this igneous rock, unless the hydrothermal alteration of the 
peridotite may be attributed to the intrusive granodiorite. The presence of small 
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dikes extending from the latter rock into the adjacent serpentine shows the absence 
of any later differential uplift of the massive granodiorite. 

The earlier Eocene rocks appear to have been subjected to deformation soon 
after their deposition. The folds are open, with steep inclination of the strata 
exceptional. Within the area south of the Mount Stuart massif, a half dozen folds 
may be traced, the anticlines and synclines having axes which trend noithwest- 
southeAst. This structure, in part at least, antedates the eruption of the Teanaway 
basalt, since that rock lies upon the somewhat eroded folds of the Swauk sandstone. 
Later, however, these folds ma}' have been further developed. 

The manner in which the rocks of the Swauk formation nearly encircle the 
Mount Stuart massif suggests that this forms the center of a great dome-shaped 
uplift, with the Tertiary formations dipping outward. The areal distribution favors 
this simple explanation of the structure, but detailed study of the various formations 
makes it plain that a careful distinction must be made between the different move- 
ments that have contributed to the sum total of deformation. The attitude of the 
Mount Stuart massif at the commencement of the Ek)cene sedimentation can not be 
determined, except that this mass of granodiorite is known to have furnished the 
bulk of the detritus for the Swauk sediments. These strata on the south side of 
Mount Stuart then became folded, as has just been described, and uplifted so as to 
suffer erosion. If the structure developed at this time may be determined by the 
distribution of the basaltic lavas which flowed out in the succeeding epoch, it appears 
that there was not only an elevation in the vicinity of Mount Stuart, but also on the 
eastern and the southern part of the Mount Stuart quadrangle. The rise of the 
Wenatehee Mountains dome does not appear to have been so prominent a feature at 
this time as the development of an east-west trough in the central portion of the 
Mount Stuart quadrangle. In this depression, the molten lavas consolidated and the 
tuffs were laid down, and later the Roslyn sediments were deposited, the latter 
formation possibly covering in its original extent an even more limited area than 
did the Teanaway basalt. 

Clealum Ridge, which bounds the Yakima Valley on the south, has certain 
topographic characters suggestive of a fault scarp. The structural relations show, 
however, that this marks the southern side of the syncline developed in the Teanaway 
and Roslyn formations, and its topographic prominence is due to the older rocks 
which nse here above the Ek)cene strata to the north. In middle Miocene time this 
ridge had much the same relative prominence, as is shown by the way the Yakima 
basalt abuts agamst and caps it, while filling the neighboring depressions. This 
post-Roslyn folding may have been coincident with the deformation of the Manastash 
strata, and thus belongs to the close of the Ek)cene period. 
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ELLENSBURG QUADRANGLE. 

The post-Miocene deformation can be studied best in this quadrangle, where 
only Miocene formations are present. Yet, while pre-Miocene structures can thus 
be avoided here, it is necessary to distinguish between the flexing or moderate fold- 
ing to which the Yakima basalt and the Ellensburg sediments were subjected soon 
after the deposition of the latter, from a later movement which affected the same 
rocks. These later structural features are so closely connected with the topographical 
features of the area that their discussion will be given under the heading "Physi- 
ography." 

In the present connection, however, it may be well to call attention to a certain 
structural feature of the Yakima basalt. This is the almost universal occurrence of 
parting or jointing in the rock, b}'^ which the lava sheets are divided into the typical 
basaltic columns. This contraction parting took place normal to the surface of the 
lava flow, so that where the basalt has its original position undisturbed the joints are 
vertical. The presence of innumerable joints of this character, of course, would 
greatly facilitate the flexing of the basalt sheets, and, since the Yakima basalt is the 
more important formation in the Yakima region, this feature must not be disregarded 
in any consideration of the deformation of this area. Furthermore, this may serve 
to explain why the post-Miocene deformation, which will later be described as taking 
place at the surface, was not of the nature of faulting as that term is generally 
accepted. The structural ridges are not ''tilted blocks" but anticlines. " 

HISTORY. 

The geology of central Washington may be best summarized by a brief r&um6 
of the geologic history of the area. 

The oldest rocks, probably of Paleozoic age, furnish a record of sedimentation 
and volcanism, but this record has been greatly obscured by the altered condition of 
these rocks. This metamorphism in turn tells of the orogenic movements to which 
the rocks have been subjected and of the action of intrusive magmas. 

The great intrusions of peridotite and granodiorite probably belong to the 
Mesozoic, and were events of the first importance in the history of this portion of 
the Cascade Range. The period of erosion subsequent to these intrusions was of 
sufficient length to allow these deep-seated bodies to be uncovered and deeply 
dissected. 

From these eroded older rocks was derived the material for the Elocene sedi- 
ments, and the process of sedimentation appears to have been a rapid one within 
this area, smce several thousand feet of granitic sands and other sediments were 
deposited in early Eocene time, before uplift again inaugurated erosive activity. 

a This abflence of faults iu this area has been discussea m a recent paper by the author— Anuclinal mountain ndges m 
central. Washington Jour Geol Vol XI 1903 pp 166-177. 
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Then began the first basaltic eruptions, the forerunners of the greater voleanism of 
the Miocene. This volcanic activity was succeeded by the quieter procesi^es of 
sedimentation, by which the Roslyn sandstone was deposited in middle fk>cene time. 
Somewhat later, in an adjacent area, the deposition of the Manastash sediments took 
place, and the Ek>cene period closed with the uplift and folding of all of these 
Ek)cene formations. 

Erosion continued well into the Miocene within this area, but ceased with the 
beginning of the great eruption of basalt, the many flows of which covered the 
greater part of central Washington like a molten sea. Immediately succeeding this 
epoch of voleanism came the deposition of the EUensbui'g formation, thick deposits 
of stream satlds and gravels, brought down from a volcanic area to the west. 

Mountain-building movements followed this sedimentation of the later Miocene, 
and again erosion began to cut away what had been uplifted. The Pliocene and 
post-Pliocene history is recorded in the topography, and will therefore be discussed 
in the following chapter. 

Even this brief summary is sufficient to indicate how eventful has been the 
geologic history. Especially in Tertiary time is it true that this region has been 
one with relatively many changes. The many well-marked unconformities testify 
to the frequency of these geologic revolutions, so that geologic formations are 
easily separated upon the basis of structural breaks, whereas in other provinces 
such subdivision would need to be based wholly upon paleontologic evidence. 

PHY8IOGBAPHY. 

TOPOGRAPHIC DESCRIPTIONS. 
MOUNT STUART REGION. 

Mount Stuart, 9,470 feet high, lies 15 miles east of the main crest of the Cas- 
cade Range, and forms the culminating peak of the Wenatchee Mountains. These 
mountains constitute a secondary range transverse to the general trend of the Cas- 
cades, but are chai-acterized by the same rugged topography as the main range. 
The mountain crests are deeply carved into spires and crags, while precipitous slopes 
descend into glacial amphitheaters where remnants of glaciers still persist. South of 
Mount Stuart, and extending almost to Yakima River, there is a belt of hardly less 
rugged topography. Here the valleys are deep and canyon-like and the divides 
are sharp and narrow. Dissection has apparently reached the extreme limit, and the 
topograph}^ may be termed mature. The gradient of the streams is largely deter- 
mined by rock hardness, and many of the minor topographic features, such as peaks 
and gaps in the crest lines of ridges, are also referable to varying resistance of the 
different rocks. PL III is a map of a portion of the Mount Stuart quadrangle, 
showing the topography typical of this area. 
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The southern part of the Mount Stuart quadrangle includes an area quite distinct 
in its topographic features from that described above. Here there is a transition 
into the type of topography characteristics of the Yakima region. While the streams 
may have canyons similar to those farther north, they are farther apart. The divides 
are broad and comparatively level topped. The valley of the Upper Yakima forms 
the dividing line between the two areas, and the surface geology is also quite different 
on the two sides of this valley, in the vicinity of Clealum. On the south the promi- 
nent escarpment of the Yakima basalt overlooks the river and on the north are the 
lower ridges of Eocene sandstone. However, the differences in topography are not 
wholly due to the geology, as will be shown in a later section of this paper. 

YAKIMA REGION. 

That part of Yakima County which lies adjacent to the course of the river of the 
same name possesses a topography that is unique. Its origin will be fully discussed in 
the following pages, so that only a brief description is necessary here. In its general 
features this topography is very simple. Long canoe-shaped valleys, with inter- 
vening ridges, f onn a quite constant succession with the general trend transverse to the 
course of Yakima River. Some of the valley floors reach the river level while 
others lie several hundred feet above the bottom of the river canyon. The ridges 
rise from 1,000 tp 3,000 feet above the valleys, with fairly gentle slopes and even 
crests, except where interrupted by the deep water gaps of the river. The relation 
of these ridges and valleys to the river may be seen in the sketch map of Yakima 
Canyon (PI. VI); and the topogmphy of a typical portion of the region is given with 
more detail in PI. V. PI. II shows very well the character of Yakima Canyon 
where it cuts through Manastash Kidge. 

This description of the topography would be incomplete without mention of 
the landslides that are common in central Washington, a topographic form fully 
described by Prof. I. C. Russell in several papers. The active canyon cutting and 
favoring geologic structure has caused this area to afford wonderful examples of 
landslide topography. One of the best of these is on the southern slope of Cleman 
Mountain, and is well represented on the physiographic map (PL V). These land- 
slides vary in size from some to be measured by cubic miles of displaced rock to others 
invplving less than an acre of surface. In age this range is scarcely less striking, 
certain landslides antedating the high terrace gravels deposited when glaciers occupied 
the Upper Yakima Valley, while other slides are of so recent origin that vegetation 
has not yet gained a foothold. 
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CASCADE LOWLAND, a 
IDENTIFICATION. 

As was noted in the discussion of the literature, Professor Russell finds in the 
plateau- like surface of the Cascade Mountains evidence of previous reduction of the 
region '' to a plain, or an approximately plain, condition nearly at sea level." This 
was the ''Cascade peneplain," the subsequent elevation of which resulted in the 
"Cascade plateau." In view, however, of the complete dissection of this plateau 
into a complex of sharp ridges and peaks, as described by Russell, it is evident that 
both plateau and peneplain are somewhat hypothetical. A general uniformity of 
altitude of the ridges and peaks of the central portion of the Cascades may be made 
out in certain districts, but so frequently are other peaks seen which rise above this 
level that this class of evidence taken alone is far from conclusive. Indeed, this is 
best appreciated by those who have been most earnest in their search for traces of 
the old peneplain. Furthermore, the date of the supposed planation has not hitherto 
been determined even approximately. 

The identification of possible remnants of the old lowland, if such a lowland 
existed, becomes most essential to the investigation of the later history of the Cas- 
cade region. By reason of the aridity of its climate and consequent slight erosion 
the conditions in the area along the lower course of Yakima River are most 
favorable for the preservation of land forms. Erosive activity is mostly confined to 
the larger streams which head in areas to the north and west where the precipitation 
is greater. Under such conditions it appears quite possible for deformation to 
outstrip erosion, with the result that the relation between structure and topography 
becomes at once both close and obvious. 

At first glance, the topography of this Yakima region is seen to be dependent 
upon structure. The ridges are anticlinal and the valleys synclinal. This relation 
necessarily involves a more or less perfect parallelism between the surface and 
the rock structure. The parallelism may or may not be easily observed, but the 
determination of the degree of this conformity between structure and surface 
becomes of the greatest importance. 

The first hypothesis to suggest itself in the course of the field work in the 
northern part of the area here discussed was that the anticlinal and monoclinal ridges 
bounding the extensive Kittitas Valley were in a great measure pre-EUensburg. 
This valley with its floor of Ellensburg sandstone, horizontal or only gently inclined 
upward at the borders, has the general features of a structural basin in which lacus- 
trine sediments have been deposited. Such a view would involve an unconformity 

a Cascade is here used purely in a geographic sense. To express the period of development of this lowland, Mr. 
Willis's term ' Methow" would be more exact, and its use becomes necessary in his more detailed discussion of the succes- 
sive stages in the history of the Cascade Range. 
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between the Miocene lava and the succeeding sediments, and the Ellensburg forma- 
tion would be found to occur only in the synclinal basins where it had been depos- 
ited. Further study of the area, however, showed that the distribution of the 
Ellensburg formation is too general to permit of its being considered a local deposit 
of the character suggested. 

The second explanation to be tested in the field was that the soft sandstones had 
been eroded from the crests and higher slopes of the anticlinal ridges, the Ellens- 
burg thus being left only in the lower parts of the synclinal valleys. This apparently 
was the opinion held by Professor Russell in his reconnaissance of the Yakima 
region. On this supposition, it was not pre- Ellensburg but post-Ellensburg move- 
ment that uplifted the anticlinal ridges of the area. Subsequent to the warping of 
the surface of the Miocene sediments, erosion removed the softer beds from the 
ridges, which determined the general distribution of the Miocene rocks as now 
observed, the upfolded basalt forming the ridges, and the Ellensburg sandstone 
occurring in the valleys between. In this way there was a perfect conformity 
between surface and structure, although with a subsequent destruction of this 
original surface, except in the floors of some of the basins or valleys, where the 
whole thickness of the sedimentary formation may have been preserved. The level 
tops of the ridges, therefore, while not preserving the original surface, would be 
parallel to it and in a way represent it, since the sheets of resistant basalt parallel to 
the original surface have determined the present surface. 

This second hypothesis also had to be abandoned because field evidence did not 
support it. The essential feature of conformity between surface and structure was 
found to be wanting, so that it became evident that the true explanation is less 
simple. Where the even surface is best preserved, on the level crests of the ridges 
and on the long, gentle, and smooth slopes along the flanks of the same ridges, it is 
apparent that this surface does not parallel the underlying rock structure. The dip 
of the rock and the inclination of the slope agree in direction but differ in amount. 
The rock dip commonly exceeds the slope, and higher beds occur in the valley than 
can be found on the ridges, and while such valleys may be unsymmetrical with regard 
to the slopes on either side, the rock folds are even less symmetrical. 

Tracing the rock slopes of the valley sides upward until the even crests of the 
ridges are reached, lower sheets of the basalt are successively crossed, until it is 
evident that the crests of the anticlines have suffered considerable erosion, so that 
the highest beds are found in the synclinal valleys and the lowest on the crests of the 
anticlinical ridges. The result has been more than the erosion of the softer sandstone 
strata from the ridges and their preservation in the neighboring valleys. The surface 
is thus an erosion product and cuts across both the folded Yakima basalt and 
Ellensburg sandstone. 
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This beveling of rocks as widely different in their resistance to erosion as the 
hard, compact basalt which withstands the attacks of stream corrasion and the soft 
friable sandstone easily eroded even by the desert winds is especially noteworthy in 
connection with the present discussion. The absence of any scarp or other topo- 
graphic form expressive of differential resistance of the two rocks indicates a long 
continuance of the erosive activities producing this surface. Such perfection of 
planation could not be expected much short of reduction to a baselevel, so that the 
natural deduction from these observed facts is the former presence of an essentially 
level lowland over the area. Therefore, the third hypothesis was adopted in the 
field, namely, the ridges and valleys of the Yakima region represent a warped lowland 
surface. The relation of this surface to the rock structure is not a simple one. The 
reduction of the area of previously folded rocks to a lowland caused any perfect 
conformity between the surface and the structure to be very exceptional, while on 
the other hand, the general or approximate parallelism between the two as observed 
at many points becomes explicable from the fact that the waiping of the lowland 
surface was in the main along lines coincident with the axes of prelowland folding. 
This double deformation resulted in steeper dips for the rock strata, which were 
subjected to both movements, and more gentle inclination of surface slopes which 
have been affected only by the later warping. 

DEVELOPMENT. 

The extent of this Cascade lowland and the degree to which it was developed 
may next be considered. In the Yakima region exceptional conditions favor its 
preservation, and the recognition of this physiographic feature is easy. Detailed 
mapping reveals the fact that the Cascade lowland was, in this area at least, a com- 
paratively perfect one. Remnants of the old lowland now uplifted on the flanks of 
the anticlinal ridges are seen to have a remarkably uniform surface. On the sketch 
map of a portion of the EUensburg quadrangle (PI. V) are indicated the portions of 
the old lowland surface that have escaped destruction by later erosion. In the field 
the evidence appears much less fragmentary than on the map. The narrow gulches 
that score the sides of the ridges are unsuspected when one looks along the slope. 
What is seen is a gently inclined featureless surface extending from the even crest of 
the ridge to the valley floor below, often without a perceptible break. This surface 
is commonly covered with basaltic debris, usually quite coarse, which has been 
^derived from the basalt exposed in the immediate vicinity. On some very gentle 
slopes a thick deposit of fine silt is found. Whether or not this may represent 
a lowland deposit can not be definitely stated, but its present distribution is in part 
due to wind action. 

On this planation surface it is often impossible to trace the contact between the 
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two formatioDS. The aocompanying illustration (fig. 1) shows such a case, and is 
drawn from a photograph of the spur east of Kelly Hollow on the southern slope of 
Umptanum Ridge. This may be considered the type locality for the recognition of 
the lowland surface. The plateau is several hundred yards in width and over a mile 
in length, and preserves its even surface to the very brink of the steep-sided gulches 
that bound it on the east and west. The surface is thickly strewn with angular 
bowlders of basalt, and there is not the slightest indication of the contact between 
the Yakima basalt and the overlying Ellensburg sandstone. On either side, however, 
on the walls of the gulches the position of this contact can be accurately fixed and 
its dip seen to be 20*^. Here« then, the planation was complete and the resultant 
lowland surface is perfectly preserved. 







Fig. 1.— Contact of Ellensburg sandstone and Yakima basalt^E. Ellensburg. B, Basalt. 

The profile of the deformed lowland, with the relation of this surface to the rock 
structure, is well shown in the section on PI. VI. This section extends from Ellens- 
burg to the vicinity of North Yakima, and while in a general way it is parallel to the 
accompanying map, it was made to follow as far as possible the unmodified spurs 
between the gulches that have been cut into the slopes. It represents, therefore, as 
well as a true section can, the lowland surface now warped to form the ridges and 
valle3's of this area. 

On the slopes of Manastash Ridge, Umptanum Ridge, Cleman Mountain, Cowiche 
Mountain, Selah Ridge, and Atanum or Yakima Ridge remnants of the Cascade 
lowland can be detected. Farther north, in the Kittitas Valley, the old surface may 
be recognized on the slopes of Table Mountain and of Lookout Peak, where the 
inclination of the surface is seen to be less than the rock dip, in the sloping surface of 
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the even-topped terrace of EUensburg sandstone along Yakima River, and in the 
flat-topped mesa of similar material near the Normal School Building in EUensburg. 

The identification of the old lowland surface becomes more difficult outside the 
area here described. Eastward, undoubtedly it can be traced to the plain of the 
Columbia, and to the northeast the even surface of Table Mountain appears to be 
continued in the even -crested but lower ridges just south of the mouth of Wenatchee 
River. Table Mountain thus serves to connect physiographically the Yakima 
region with the area described by Willis in the second part of this paper. 
North of Lookout Mountain, in the Mount Stuart quadrangle, as may have been 
inferred from the description of the topography, there are no traces of a peneplain 
surface. In the western portion of the EUensburg quadrangle, where the ridges 
mentioned above unite to form a broad plateau, the distinction can not be made with 
certainty between the old surface and a possible later erosion feature, which may be 
determined by the gentle monoclinal structure of the basalt. Especially is this true 
on account of the absence of the EUensburg sandstone and the consequent lack of 
the best criterion for the recognition of the old lowland surface. 

The evidence of the reduction of a large area of folded Tertiary rocks to form 
the Cascade lowland appears conclusive. The date of the development of this low- 
land is fairly well determined, since folds involving late Miocene strata are trun- 
cated, while on the other hand the subsequent history of a large part of the region 
has been so eventful that the production of the lowland surface could not reasonably 
have been later than Pliocene. Previous to this Pliocene reduction, erosion does not 
appear to have ever produced anything like a peneplain in the northern Cascades, 
as far as its history has been determined. In view of the eventful character of the 
whole of the Tertiary, it is plain that the period of reduction to base-level can not 
be considered as including a?%y large part of Tertiary time, as has been suggested by 
Russell. Uplifts or subsidences of the extent that are known to have occurred 
during Eocene and Miocene time in this area must be considered as inaugurating 
new topographic cycles. Furthermore, the land surface that was flooded by the 
basalt flows at the beginning of the Miocene possessed considerable relief. This 
pre-Miocene topography has been preserved in a large measure from later erosion 
by the basalt, and where the capping is partially eroded away and stream canyons 
are cut down into the underlying formations the contact shows very conclusively 
the character of the old surface. Such a locality is the valley of Taneum Creek, 
where it is at once seen that the prebasalt surface was such as to deserve to be 
termed rugged topography. It seems necessary, therefore, to restrict the period of 
the development of the Cascade lowland to the Pliocene. ** 

alt is of interest to note that id the John Day Basin, Merriam finds evidence of the erosion of the upturned Miocene 
formations early in Pliocene time: Bull. Dept Geol. Univ. California, Vol. II, No. 9, p. 8U. 
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CASCADE PLATEAU. 
CHARACTER OF THE UPLIFT. 

Russell's term, "Cascade plateau," is used in this paper as a convenient designa- 
tion for the uplifted lowland surface. The term is of value as expressive of the 
change in attitude and as descriptive of the mass from which the Cascade Range has 
been carved. It is not, however, to be inferred that a broad, unmodified table-land 
once existed where now there are rugged peaks and deep canyons. The uplift was 
not catastrophic but slow and gradual, and further knowledge of its ehamcter may 
be gained from the study of the Yakima region. 

Here, as has been noted in the previous section, the uplift was effected with 
pronounced deformation along well-defined axes, producing pamllel ridges. This 
evidence in the region where the upraised surface has been so preserved that definite 
conclusions are possible suggests that the uplift of the Cascade Mountains was not 
necessarily of a broad and general character, producing a dome with gentle slopes 
extending over thousands of square miles, but that the uplift was effected with 
similar local wai'ping in other parts of the Cascades. 

This may serve to explain the lack of uniformity in elevation of some of the 
higher peaks. Such cases are cited by Russell," and he suggests four hypotheses to 
explain the greater prominence of the granite peaks, of which Mount Stuart is a 
type. The postpeneplain elevation of such masses is rejected on the ground that the 
structure antedates the period of reduction to base-level. Another hypothesis is 
that these high peaks represent monadnocks on the old lowland, and another that 
the higher peaks, being composed of the more resistant granitic rocks, more nearly 
preserve the original general surface level of the Cascade plateau, which was about 
10,000 feet above sea level, while the peaks of softer rocks have suffered a general 
diminution in height. A fouith hypothesis "calls for local upheavals since the 
Cascade peneplain was raised into a plateau and subsequent to the initiation of the 
present master drainage lines,"* an upward movement which is thought possibly to 
be still in progress. This last hypothesis appears to Russell to best explain the 
observed facts, and a modification of this may be here suggested in light of the later 
observations in the Yakima region. 

The uplift of the Cascade lowland to form the Cascade plateau on the present 
supposition was not a simple, broad, flat-topped, anticlinal uplift, but a deformation 
of more complex character. The Wenatchee uplift was not necessaril}^ a local 
uplift subsequent to the main Cascade uplift, but rather a part of that uplift and 
contemporaneous with the localized deformation in the Yakima region. The 
Wenatchee Mountains are thus comparable to Manashtash and Umptanum ridges 
to the south, and may, indeed, form the higher part of a somewhat broader uplift, 

a Twentieth Ann. Kept U. 8. Geol. Survey, pt. 2, pp. 189-142. Mbid., p. 141 
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of which the Table MouDtain-Lookout Peak ridge, 20 miles 80uth of Mount 
Stuart, forms the lower flank. On the Wenatchee Mountains apparently no 
remnant of the old lowland surface remains, although such a surface is suggested 
by the level platform from which the upper 1,500 feet of Mount Stuart rises as 
a monadnock, but on Lookout Peak and Table Mountain such a surface can be 
detected extending down into the Kittitas Valley, as noted above. It must be kept 
in mind, however, that such an uplift in no sense explains the rock structure, 
which greatly antedates this surface deformation, but, like the cases cited in the 
Yakima region, the later uplift was apparently along an older structural axis, and 
it is only >)}' detailed study of the basal contacts of the different Tertiary forma- 
tions that the distinction can be made between Eocene deformation and the 
deformation which followed the post-Miocene reduction to a lowland. 

VARYING DEGREE OF DISSECTION. 

In the brief description of the topogi-aphy of the Mount Stuart and Yakima 
regions the difference in type was pointed out. The variation in degree of 
dissection is at once apparent. This is in no sense due to differences in the 
formations eroded, but has its origin in climatic conditions. On the eastern 
flank of the mnge the precipitation is scanty and erosive processes correspond- 
ingly weak. Only the larger streams that head outside the arid belt accomplish 
much, so that deformation has been able to quite outstrip erosion, with the result 
that the warped lowland surface is preserved. On the higher slopes, especially 
nearer the crest of the range, the precipitation is greater, and active erosion has 
resulted in mature topography. 

It is on account of this deep dissection that there is little remaining to more 
than suggest the Cascade plateau over large areas in the Cascade Mountains. 
Whether or not the acute peaks even approximate the old surface can not be 
determined, but it seems probable that in the higher portions of the range there 
has been a general diminution of height. 

The cause for variation in degree of dissection other than that of a climatic 
nature is the length of the period during which erosion has been uninterrupted by 
crustal movement. In one area the topographic cycle may be continued from youth 
to old age, while in another region not far distant, in the same time, one cycle may 
be terminated and another inaugurated simply by a local uplift. The physiographic 
stages enumerated by Willis in his paper have not been differentiated in the 
foregoing description of the central Washington area. It is doubted, moreover, if 
such distinctions can be made generally throughout this area, by reason of its 
physiographic development differing from that of the region described in the 
following paper. This difference appears possible, and indeed probable, since in the 
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case of gaps cut by Yakima River in ridges only a few miles apart the record in 
one case is shown to be that of an uninterrupted uplift of the ridge, while the 
compound form of the other gap shows a halt in the uplift sufficient for widening 
the canyon in its earlier portion. 

A few points of connection between the two regions may be noted, however. 
The greater part of the Mount Stuart and EUensburg quadrangles lies outside the 
limit of glaeiation, and therefore direct reference of the date of topographic features 
to a glacial episode becomes difficult The period of development of the Cascade 
lowland as described for the Yakima region of course corresponds to the Methow 
stage of Willis. The Entiat stage is poorly represented in the Mount Stuart 
quadrangle, and the only ti^aces of topography antedating the present are found in 
the old valley of Camas Land and in several small areas now capped by rhyolitic lava, 
the pre-lava surface plainly possessing only moderate relief. Elsewhere in the 
northern half of this quadrangle dissection appears to have proceeded so far as to 
destroy all evidences of an earlier stage, while in the Yakima region these later 
stages have not been separated, the uplifted Methow topography having suflFered 
extremely little modification. Since the physiographic development is the result of 
the interplay of earth forces and atmospheric agencies, it is evident both must remain 
the same throughout a region to result in the same succession of physiographic 
stages. Climatic differences appear to account for much of the topographic diversity, 
but the structural history is no less important. It would seem futile, therefore, to 
expect uniformity in the physiographic record over wide areas in a province like the 
northern Cascades if the writer is correct in his belief that the uplift of the range 
has been complex rather than simple. However, it is no less evident that the more 
complete record that can be deciphered for the one area is of material value in the 
understanding of the other area. 

There is good reason to expect cx)nfirmation of the views here expressed in the 
course of future work. Already the writer has detected remnants of the uplifted 
lowland surface in higher portions of the Cascades. The Cascade plateau was also 
found to be exceptionally well represented immediatel}' north of Mount Baker, near 
the international boundary. Here there is not only a marked uniformity in the 
elevation of the ridges, but their crests are broad and even. Such topographic 
characters belong to an older topography, and it is believed therefore that these 
features in reality mark the preservation of the lowland surface now uplifted to form 
the plateau with an altitude of over 5,000 feet. This plateau is incised by the deep 
canyons of Nooksak River and its tributaries, while upon it rests the volcanic cone of 
Baker. West of this region, toward the crest of the Cascades, the plateau character 
is lost and the more complete dissection makes the topography one characterized by 
the most acute peaks and rugged mountain masses. In this higher portion of the 
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uplift the attack by erosive agencies has plainly been much more severe, and erosion 
has outbalanced deformation with the resulting destruction of the plateau type of 
surface. 

RIVER HISTORY. 

In the higher parts of the Cascade Mountains it will probably be found that the 
only line of evidence l>earing upon these physiographic problems is that furnished 
by the streams. The antecedent character of such streams as the Icicle, which cuts 
across the granite mass of the Wenatchee Mountains, has been recognized by Russell, 
and furnishes additional proof of the existence of the Cascade lowland. In consider- 
ing the history of such streams and their relations to the rock formation across which 
they have cut their canyons it is most important that a sharp distinction be made 
between the rock structure and the surface warping. The former is the result of 
successive epochs of dynamic action preceding the Pliocene lowland reduction, while 
the latter comprises the elevation of the Cascade lowland to form the Cascade plateau 
or the uplift of the Cascade Mountains. 

In the Yakima region where the lowland surface is best preserved the history of 
Yakima River, as it can be traced out, corroborates the physiography as stated in 
the earlier section of this paper. The antecedent character of this river is at once 
apparent, and, as noted in the review of the literature, Russell was the first to call 
attention to this important feature. As can be seen from examination of Pis. II and 
VI, the Yakima crosses the high ridges in a deep canyon in which the original 
meanders of the river are strikingly preserved. The course of the river antedates 
the uplift of these ridges, and the warping of the lowland surface must have been 
effected at a rate that permitted the Yakima to maintain its course without change. 
That there was no damming sufficient to cause the stream to seek a new channel 
is shown very conclusively in the vicinity of North Yakima. The river leaves the 
broad transverse valley in which that city is situated by cutting through Atanum 
Ridge at Union Grap, which is nearly a thousand feet deep. Five miles east this 
ridge has a low saddle, purely structural in origin, which affords an easy pass less 
than 200 feet above the valley floor. Here, had there been any ponding of the 
Yakima waters during the uplift of the ridge, the river would surely have discovered 
the lowest point in the rim of the basin; but there is no trace of stream occupation 
of the pass. At other points where the Yakima cuts through other ridges the 
relations are hardly less convincing, since often the water gap interrupts the ridge 
in its highest part. 

The surface upon which this course of Yakima River was established plainly 
must have been the Cascade lowland. The independence which this course shows of 
the hard and soft rocks which made up that lowland points to the development of the 
meanders on a surface on which there had been a perfect reduction to base-level. 
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Furthermore, the manner in which the lowland surface cuts across folds involving 
the Miocene sandstone indicates that the course of the Yakima was not determined, 
at this time at least, by the slope of the uplifted lake bottom, as suggested by 
Russell. Here, again, the later warping must be distinguished from the earlier 
folding of the rocks. 

Naches River, the most important tributary of the Yakima, is plainly also 
of antecedent character, since it has cut diagonally across one of the anticlinal 
ridges, uniting with the main river near the axis of the ridge (PL VI). The smaller 
tributaries of the Yakima in this region appear to be generally synclinal in position 
and also consequent upon the warping of the lowland. This statement, however, 
needs modification, since in the cases of Wenas and Selah creeks portions of the 
streams cut across minor ridges. Selah Creek also flows along the north side of 
Selah Valley in a canyon the brink of which is above and over a mile distant from 
the axis or lowest part of the valley. Such a relation may be taken as showing that 
the course of the stream is antecedent to only a portion of the warping of the 
lowland, the axis of that deformation having shifted southward. Wenas Creek is 
peculiar in that while it flows along the rather broad valley between Umptanum 
Ridge and Cleman Mountain and may be considered a synclinal stream, its shallow 
canyon is cut along the axis of a low anticline. This fold shows both in the rocks, 
the basalt appearing in the canyon, and in the deformation of the surface. The 
geologic and topographic relations of the Wenas Valley can be seen on the map of 
this area (PI. IV). Back from the creek on either side is a parallel valley across 
which the seasonal streams flow before joining the creek. The old lowland surface 
can be traced from the slope of the ridge across the back valley and up on the 
flat-topped hills overlooking the main creek, and the fact that basalt bowlders cover 
these hilltops where the underlying rock is sandstone shows that this is the lowland 
surface. At one place the back valley has so level a floor that a stream coming 
down from the ridge sometimes divides on its alluvial fan and flows out to the creek 
through two separate canyons. The explanation of these relations that presented 
itself in the field was that Wenas Creek was at first a synclinal stream in the valley 
between the two ridges, but by a later uplift of the low ridge along the center of 
this valley the creek cut down through the sandstone into the basalt beneath. 
There is evidence, too, that this later waiping followed a structural line marked 
out at the time of the prelowland folding. The uplift of this medial ridge, a 
movement not exceeding 300 feet, was so gradual that not only did the main creek 
maintain its course but the tributaries suffered no changes, but crossed the unaffected 
back valley and cut steep-sided gulches through the uplifted ridge. A simultaneous 
and indeed connected uplift also occurred a few miles up the valley, where the two 
14493— No. 19—03 3 



34 CONTRIBUTIONS TO GEOLOGY OF WASHINGTON. 

northern branches of the Wenas cut across an arch of basalt. The structure here 
can be seen perfectly in the canyons, and the flat crest of the ridge well expresses 
the lowland surfaces; and here again the absence of conformity between surface and 
structure is noticeable. This history- of Wenas Creek is simply an incident, of little 
importance except as it may show that the warping of the Cascade lowland was not 
a simple, uninterrupted movement, in some localities at least. 

An interesting problem in connection with the history of the Cascade Range 
will be the identification of the system of antecedent drainage of which Columbia, 
Yakima, and Wenatchee rivers appear to be important parts. It will be at once 
noticed that these master streams are in no sense consequent upon the broad Cascade 
plateau with its north-south trend, as described by Russell, nor altogether upon such 
minor uplifts as have been thus far recognized. These rivers are the streams that 
controlled and effected the reduction of the post-Miocene land surface to a peneplain, 
and the study of this drainage system may yield some data bearing upon the degree 
to which the planation was carried and upon the position of monadnocks and 
important divides. The extent to which it is justifiable to apply this hypothesis of 
the deformation of the old lowland surface into local domes or ridges, features 
measuring a few miles in shorter diameter, rather than into a broad plateau uplift 
measuring hundreds of miles in extent, can then be better discussed. 

PHYSIOGRAPHY OF THE 8NOQUALMIE QUADRANGLE. 

Since writing the foregoing portion of this paper the author has extended the 
geologic mapping westward from the Mount Stuart area. The Snoqualmie quad- 
rangle, which was surveyed in 1902, lies within the heart of the Cascade Range, and 
includes about 50 miles of the main divide between the Puget Sound drainage and the 
streams tributary to the Columbia. Such a region appears to furnish an opportunity 
for testing the wider application of the conclusions reached in the adjacent area. In 
the Ellensburg quadrangle erosion has been insufficient to destroy the traces of the 
Pliocene peneplain, now wai'ped into the ridges described in the preceding pages. 
In the Snoqualmie quadrangle land sculpture has plainly reached a stage in which no 
traces of such a peneplain can be recognized. The topographic cycle is nearing 
maturity, and while the problem of interpreting the physiography is more difficult, 
it becomes interesting to make the test and to attempt to determine for this portion 
of the range the type of uplift which inaugurated the present cycle of erosive 
activity. 

As a preliminary to this, it is helpful to review certain of the general principles 
of land sculpture as first and most clearly defined by Powell and Gilbert. These 
will be briefly stated in so far as they apply to the question in hand, which is, What 
was the character of uplift of this central portion of the Cascade Range? Such 
general principles may be stated thus: 
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Degradation is controlled by declivity, rock structure, and climate. As will 
be seen below, the second and third factors may be omitted in the present considera- 
tion. While of great importance, they are essentially without value as criteria in 
this instance. Degradation, including erosion, sapping, and corrasion, as well as 
tmnsportation, increases with declivity. 

The work of ordinary degradation may be greatly augmented by glaciation, 
which, as will be noted later, was not universal in this area, hence glaciation has 
value for the purpose of this discussion. 

In the case of the simple uplift of a broad arch, there would result a flat top 
and steeper flanks. On the steeper flanks the greater declivity would determine 
the locus of the more eflfective degradation. With consequent streams, therefore, 
the maximum rate of degradation would obtain along the flanks of the arch, and at 
any stage there would result an axial ridge with axial peaks as the highest portion 
of the uplifted area. This result may be stated differently, following Gilbert: There 
would be a persistence of divide, since at first it was the divide because an eminence, 
and later an eminence because the divide. 

If the elevation was so slow in its first stages as to enable degradation to keep 
the axial region practically reduced, the resultant form would have a plateau 
character, as Powell has pointed out in the case of the western portion of the Uinta 
uplift. There, however, the axial region is higher, although its prominence is 
inconsiderable when compared with the whole amount of degradation. 

With antecedent streams there is not the same persistence of divides, but rather 
a change due to the tendency of the streams to become more and more consequent. 
As developed by Campbell, the law of this migration of divides is that the divide 
tends to migrate toward an axis of uplift and away from one of subsidence. Thus 
it follows that in the case of a warped peneplain the antecedent drainage would tend 
to adjust itself to the warping and the streams would come to occupy the axes of 
relative depression with divides located upon the axes of elevation. In the ca.se 
where the axis of depression shows changes in direction of pitch there would also 
be the tendency for the point on this axis, marked by divergence of pitch, to become 
also a divide. 

Now, turning to the Snoqualmie area, certain facts of observation may be stated, 
as they apply to the problem under discussion. 

The main divide of the Cascade Range within this quadrangle is wholly upon 
Miocene rocks, with the exception of 2 miles, where it is close to the contact of the 
Miocene with the Eocene. -The highest peak on this divide, which has an altitude of 
7,512 feet, and the lower portion of the divide for a considerable distance — with 
an altitude of 3,500 to 4,500 feet — are composed of Miocene volcanic rock with 
essentially the same physical characters. For this reason it appears evident that, 
as was stated above, rock character is not at all a controlling factor. 
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Climatic conditions are more or less uniform over this area, and any diflferences 
are dependent upon relative altitude^ which in turn is involved in the question of 
relative uplift which is being discussed. Climate must therefore Ije left out of the 
discussion, and it is plain also that it would not have any important bearing on the 
final decision. 

In the Lower Yakima region, where the river was antecedent, it was shown that 
the rate of uplift of the transverse ridges was not essentially more rapid than the 
rate of corrasion. The uplift, however, was greatly in excess of ordinary erosion, 
since many remnants of the uplifted surface remain. In the central region Yakima 
River carries its low-grade valley well back toward its head, so that the rate 
of uplift here has not been much greater than the maximum rate of corrasion. No 
actual remnants of the old surface, however, are known in this mountainous region, 
so that while degradation has far from kept pace with uplift, it has been efficient 
enough to produce a topography that has many characteristics of maturity. The 
question of the antecedent or consequent character of the drainage again depends 
upon the main question. 

As can be seen on the accompanying map of the Snoqualmie quadrangle (PI. 
Vn), in which only the 600-foot contours above 6,000 feet are shown, the trend of 
the higher portions of the area is slightly north of west. The main divide has a 
general trend of a few degrees east of north, so that the difference in trend is approxi- 
mately 90 degrees. Further, it will be seen that the high peaks on the divide are 
where it is crossed by these east- west heights. 

The streams in the vicinity of the outlying heights are fully as efficient as those 
near the main divide, and in many cases possess the advantage of shorter courses and 
steeper gradients. 

The thick mantle of soil which is of common occurrence in the lower divide 
region must be taken as strong evidence of the inefficiency of transportation here as 
compared with the higher country. 

Glacial erosion has been an important factor in the northern area, characterized 
by a greater topographic prominence, while glaciation has been wanting in the lower 
parts of the main divide. 

As the third part of this section, the foregoing general principles and particular 
facts may be brought together and certain conclusions deduced. This process will 
constitute the wider application of the hypothesis based upon the work in the 
Ellensburg quadrangle. The deductions are as follows: 

(a) Whatever the rate of uplift, the axial region should exhibit some topographic 
prominence. If uplift has outstripped degradation, as is the case in this area, the 
axial ridge must be a distinctive feature. 

In fact, the main divide in the Snoqualmie quadrangle fails to show any such 
prominence, except as was noted above. Therefore it is not the axial region. 
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(&) Uniformity in present altitude of neighboring heights is soggnstive of pre- 
existent uniformity, even if not exactly indicative of the actual position of the older 
surface. A line connecting closely adjacent heights* even although these are sepa- 
rated by canyons representing the work of efficient stream corrasion, is expre^ive of 
the position of an axis of uplift. 

In the Snoqualmie quadrangle the position of three such axes of uplift may 
be approximately determined. The southernmost of these extends beyond the 
boundaries of this quadrangle, both east and west from the divide. Next, northward, 
is the high ridge between Naches and Yakima rivers, which is topographically 
and, in part at least, structurally the continuation of Manastash and Umptanum 
ridges to the southeast, which are known to represent upwarps of the old peneplain. 
Likewise, the third line of heights along the northern edge of the Snoqualmie 
quadrangle connects with the prominent Mount Stuart mass which constitutes the 
axial portion of the supposed Wenatchee upwarp of the lowland surface. These three 
lines of heights, which thus possess marked topographic prominence, are believed to 
indicate the position of three upwarps of the lowland surface. 

How nearly the present surface on these heights represents the old surface 
thus uplifted can not be so definitely stated. On the highest portions of the 
Naches- Yakima ridge the level tops are strongly suggestive of the old surface. The 
uniformity in the present altitudes is a striking feature of the northwestern 
portion of the area, as illustrated by Mr. Willis on PI. IX, and this uniformity may 
reasonably be considered the result of a general reduction of these tops, which has 
been relatively slight in amount. 

(c) In whatever degree the system of divides fails to accord with the deforma- 
tion, the drainage system shows similar lack of consequence. Streams cutting across 
lines of uplift must be antecedent, in part at least, and, with antecedent streams, the 
divides may be in process of migration. 

In the Snoqualmie quadrangle the main divide has been shown to lie not 
coincident with the axis of most marked surface deformation. Near the northern 
edge of the quadrangle the divide makes a sharp turn to the east and continues this 
northeastern trend for several miles beyond the boundary of the area described here. 
This trend coincides more nearly with the axis of uplift indicated by the east-west 
line of heights. 

In the lower country of the Ellensburg quadrangle Yakima River is known to 
be antecedent to the warping of the peneplain and Naches River to be antecedent in 
a portion of its course and consequent in other portions. The history of the Puget 
Sound streams has not been studied. 

It appears evident, then, that these two master streams may also have a mixed 
character in the Snoqualmie quadrangle. The Naches system is for the most part 
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consequent upon the two upwaips shown bv the elevated ridfres, and a relatively 
high portion of the divide is at its head where the downwarp between these two 
upwarps dies out. The most important tributary of the Yakima. Clealum River, 
appears to head somewhat north of the northern axis of uplift and is in that case 
antecedent. The Upper Yakima itself, however, plainly occupies an area of relative 
depression and receives consequent streams from the slopes of the upwarps to the 
north and south. There is some evidence, however, of partial inconsequence, but 
the position of the main divide which parallels for about 10 miles the upper course 
of Yakima River appears to be in part determin(»d by the cross axis from which this 
down warp pitches. 

A drainage system consequent upon complex warping of this chai'acter is thus 
less symmetrical than one consequent upon a Ijroad arch. The partial inconsequence 
expresses simph' the effect of the antecedent character of these streams which was 
partially preserved wherever the rate of uplift or warping failed to be the deter- 
mining factor. In general, however, it is quite ix)ssible that much of the antecedent 
drainage may have been consequent upon prepeneplain structure, which was paral- 
leled b}' this later warping, so that in the following cycle the antecedent streams 
have maintained their courses which may also appear to be consequent upon the 
warping. 

The degree of agreement of the drainage with the surfa<*e deformation may 
furnish data for the separation of the uplift of the Cascade Range into distinct stages, 
as well as a more exact differentiation of the upwai-ps that constitute this uplift. 

((I) The ultimate deduction is that, whatever the relative proportion of antecedent 
and consequent character in the drainage system, the main divide for the greater 
portion of its length in this area neither coincides with nor parallels the axes of 
most marked deformation of the preexistent surface. The uplift to which the Cascade 
Range owes its origin was not simple in tvpe, but complex, and within this area can 
be resolved into three well-defined upwai'ps, which, moreover, are transverse to the 
main trend or major axis of the range considered over the larger area to the north. 

RESUME. 

In the central Washington area detailed mapping has given data for the 
recognition of a lowland surface, the fixing of the age of its development as Pliocene, 
the suggestion of the drainage system which controlled that reduction to a peneplain, 
and the determination of the kind of defonuation to which this lowland surface was 
later subjected. Such evidence has its bearing upon the broad problem of the origin 
of the great plain of the Columbia and the Cascade Range. To the east, deformation 
of the lowland has been less marked, while on the other side erosion has largely 
destroyed the uplifted peneplain. Future investigation ma}' be productive of 
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corroborative evidence over a larger area. The evidence in hand, however, is 
believed to be sufficient to prove the youth of the Cascade Range and to suggest that 
the general type of its uplift may have been complex rather than simple. 

The data furnished by this study of the geolog}' and physiography of central 
Washington may also have a bearing upon broader problems. The eventful char- 
acter of TertiarN history in this province is noteworthy, as showing the rapidit)'' with 
which geologic processes ma}" accomplish their work. The Eocene section measures 
not less tlian 10,000 feet in thickness and is divisible into four distinct formations, 
separable both b}" physical breaks and by differences in fossil floras. In the Neocene 
period not only was there the great volcanic activity and the later deposition of the 
Ellensburg sediments, but also widespread deformation and the production of an 
extensive peneplain were effected. 

Another feature of general interest is the defoiTnation this peneplain has subse- 
quently suffered. The evidence is believed to be conclusive that the old lowland 
surface has been warped so as to form anticlinal mountain ridges and synclinal 
valleys. Elsewhere no such striking instance of peneplain modification has been 
described, and this unique character of the area is doubtless to be attributed in part 
to the structural characteristics of the jointed sheets of basalt involved in this defor- 
mation. Connected with this warping of the peneplain is the antecedent character of 
Yakima River, which serves as an exceptionally fine example of that type of stream 
in that it has maintained its course across not only one but several uplifted ridges. 

A third principle that demands recognition is the importance of separating the 
results of two or more distinct periods of deformation. In this way only can there 
be any true interpretation of structure in cases, such as the Yakima region, where 
the later movement largely followed the axes of earlier folding. Subsequent work 
in the Cascade Range has strengthened the belief that such persistence of structural 
lines through successive epochs of deformation is not at all exceptional and must not 
be overlooked. 

The results of this physiographic study promise to greath' facilitate future work 
in the northern Cascades, but they have also been presented here with the belief 
that they contri})ute somewhat to our understanding of peneplains and their subse- 
quent modification, with the resulting difficulties attending their recognition and 
identification. 
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PHYSIOGRAPHY AND DEFORMATION OF THE WENATCHEE-CHEUN 

DISTRICT, CASCADE RANGE. 



By Bailey Willis. 



INTRODUCTION. 

The following article is based on observations made during seveml excursions in 
the Cascade Mountains from 1895 to 1900, inclusive, and upon discussions with 
Messrs. I. C. Russell and George Otis Smith, to both of whom the writer is much 
indebted. When engaged in exploration in the same province, between 1881 and 
1884, the writer took little note of the physiographic aspects as such; to him they 
were then scenic aspects only, and impressive grandeur was the dominant idea they 
left. But upon returning in 1895, after eleven years spent in the Appalachians, the 
case was different. Association with Gilbert, Davis, Ha^^es, and Campbell in the 
discussion of physiographic relations of the eastern region prepared the observer to 
see the less evident, but not less definite, facts of the western province. 

In 1895 the writer traversed the western slope of the Cascade Range from 
Mount Rainier to Skagit River, visiting especially Snoqualmie Pass and Monte 
Cristo. At the former place the diversion of Snocjualmie River by a moraine dam is 
a conspicuous fact. The former eastern course leads b}- a wide valley to Lake 
Keechelus, but the diverted stream is now cutting a precipitous canyon in the 
western slope. The discovery of fossil leaves, classed as Miocene by Knowlton, in 
graphitic slates in the crest of the pass suggested the post-Miocene uplift of the 
range. Near Monte Cristo wide general views were obtained, which swept the sky 
line from southeast by south and west to northwest, and it was apparent that many 
jagged peaks rose approximately^ to uniform altitudes, which might reach or fall 
little short of an ancient plain. Stratigraphic studies of the Puget group of Ek>cene 
and Miocene strata led the writer tentatively to assign this hypothetical plain to a 
late Miocene date, and to place among the latest events of the Miocene epoch the 
uplift by which the old lowland was raised to a position at or above the summits of 
the Cascades. 
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To test the validity of these inferences, during succeeding years the heights and 
slopes of the range were viewed from many points, and the intersecting lines of 
sight, leaping from peak to peak at nearly uniform altitudes, were thought to define 
clearly the general attitude of the ancient plain. Among the panoramic views upon 
which this hypothetical reconstruction of a vanished surface was based may be 
mentioned that from the eastern side of Mount Rainier, at 7,500 to 10,000 feet above 
sea, looking east and north; that from a spur (6,000 feet) of Huckleberry Peak at the 
head of Gold Creek in the northeastern corner of the Snoqualmie quadrangle, tracing 
the sky line throughout the entire circle except from northwest to north; that from 
Stormy Mountain (7,219 feet) in the Chelan Mountains in the western quarter of the 
Chelan quadrangle; and that from Boston Mountain (8,300 feet) north of Cascade 
Pass at the head of Stehekin Valley. 

In the meantime, in 1897-98, Russell reached the conclusions expressed in a 
preliminary paper on the geology of the Cascade Mountains in northern Washington ^ 
in the following tenns: 

'^ After the time of long-continued erosion referred to above, when the Cascade 
region in northern Washington was reduced to a peneplain, there came a time of 
elevation, when the peneplain, or a very large portion of it, was bodily raised some 
7,500 feet at least, and thus became a plateau. In a broad view of the region this 
Cascade plateau may be considered as of the nature of a broad, flat-topped anticline, 
or, as Dana would probably have called it, a geanticline. The rocks composing this 
uplifted region had previously been folded, but we are justified in assuming, on 
what may be said to be general principles, that renewed movements occurred along 
these old structural lines. The main change was a general rise of a region of some 
10,000 or 15,000 square miles. The total area affected was much greater than this, 
as the Cascade plateau extends both north and south of the field under discussion. 

"One of the most remarkable features in the relief of the Cascade plateau is the 
seeming nearly level character of its original surface. The uprising was effected 
without pronounced tilting. Perhaps, when our knowledge is more extended, it will 
be found that this conclusion is too hasty, but at present, from a study of the distri- 
bution of the rivers, as well as of the heights of the peaks left by erosion, it does not 
seem that the plateau had a decided, if any, inclination toward either the east or 
the west. This is the most marked difference between the Cascade plateau in 
northern Washington and the Sierra Nevada. The Sieri-a Nevada, as we now find it, 
is the result of the erosion of a tilted plateau, bordered on the east, from Owens 
Lake to Mono Lake at least, by a great belt of branching fractures and faults. No 
such belt of fractures and displacements parallel with either border of the Cascade 
^ plateau is known. The evidence is that the rise from each side of the plateau to its 
nearly flat summit portion is gradual.'' 

Among the services rendered the writer by George Otis Smith was that of well- 
maintained skepticism in regard to recognition of an ancient plain over the Cascades. 

a Twentieth Ann. Rept. U. S. Geol. Survey, pt. 2. pp. 144-145. 
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He asked for demonstration, which was difficult, since the suggestions of panoramic 
views &iled to convince, but during his field work of 1900 he himself supplied the 
evidence of the existence of an old base-level plain on the hills of Yakima Valley, 
as stated in the first part of this paper. Of these results the writer was aware 
when he took the field in August, 1900, and he has found them of much value in 
tracing out physiographic relations in the vicinity of Lake Chelan. It would seem 
that the principal episodes in the history of the Cascade Mountains may now be 
stated with confidence. 

In the field work of 1900 the writer was fortunate also in having the company 
of Prof. R. D. Salisbury, and statements concerning the glacial phenomena were 
suggested chiefly and often wholly by his observations and interpretations; but he 
is not responsible for the form in which they may here appear. The profiles which 
illustrate this article are drawn from topographic maps of the Chelan and Methow 
quadrangles, surveyed by Messrs. Griswold and Farmer, topographers of the United 
States Geological Survey. The writer has traversed much of the region with their 
maps in hand, and places confidence in the excellence and detailed precision of their 
work. 

PHYSIOGRAPHY. 

DESCRIPTIVE ANALYSES. 

COLUMBIA GORGE, WENATCHEE TO CHELAN. 

COLUMBIA CANYON. 

The broad flood of Columbia River emerges upon the valley about Wenatchee 
from a noble gateway in the Entiat Mountains. The elevation of the river is some- 
what less than 700 feet above sea. On the east the slopes of Badger Mountain rise 
to 4,200 feet, from which altitude the long, even profile of the summit declines gently 
eastward; on the west of the stream peaks of the Entiat Mountains in sight attain 
5,700 feet, and these are the foothills of the Cascades. These heights of 3,600 to 
5,000 feet that thus hem in the river spring from a flood plain one-half to three- 
quarters of a mile wide, and the profiles swing upward in convex curves, steepest 
near the foot. The eflFect combines grace and grandeur, the wide river, the broad 
gorge, and the great mountains harmonizing in their proportions. 

Such is the view from a little distance. Upon entering the gorge the observer 
who follows the road along the western bank feels more closely shut in. On the 
one hand it is but a leap into the dark-green river swirling past fallen blocks of 
gneiss; on the other the cliff is near, and its crest, 1,000 to 1,800 feet above, is impres- 
sively high. The boldest profiles occur from 4 to 7 miles above Wenatchee, and one 
conspicuous point — Ribbon Bluff — with precipitous face projects into the gorge 12 
miles farther upstream, 3 miles above the mouth of Entiat River. 
14493— No. 19--03 4 
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Cliffs are not, however, the most characteristic features of the gorge. Along 
the eastern side they do not occur conspicuously, and even on the bolder western side 
they give place frequently to steep slopes in which rocky ledges project sharpl}^ 
through scant\^ grass and sagebrush. These steeps terminate above in points of long 
spurs, which rise westward with gradual slope to the highest summits of the adjacent 
mountains. The prominent angle between the steeper and gentler elements of the 
profile is an important physiographic feature, upon which broad deductions are 
based. 

CHELAN BrTTE, 

Looking upstream from near Ribbon Bluff, the view includes a summit higher 
than it« fellows on the west bank and peculiar in the long sweep of its spurs in a 
concave curve from the top to within 800 feet of the Columbia, where the slope breaks 
off into the gorge. This is Chelan Butte (3,892 feet), the eastern end of a ridge 
which lies between the Columbia and Lake Chelan. Its graceful profile presents the 
first view had from within the gorge of those higher topographic elements which lie 
between the mountain tops and the steeps that shut in the river. The fact that this 
profile descends from Chelan Butte to within 800 feet of the river, whereas in the 
Entiat Mountains it ends 2,400 feet above the stream, is an index of the relative 
amount of recent uplift in the two places. 

The graceful silhouette of Chelan Butte is broken near the extreme summit by 
shai-p, rocky ledges, which support a narrow but flattish crest. They are formed by 
granite dikes cutting the softer gneiss. Peaks of this partially cliff-girt form occur 
isolated but dominant among the mountains west of but near the Columbia, and will 
hereinafter be referred to as monadnocks upoL the Methow plain,^ the remnants of 
which, so far as recognized in this region, will be described later. 

THE EASTERN BANK. 

The eastern side of the gorge differs markedly from the western. Not only is 
it in general not so bold of profile, but the forms of the slopes are genetically distinct. 
For a few miles above Wenatchee the bluffs on the east of the river almost equal 
those on the west in height and boldness where they rise to Badger Mountain; farther 
upstream, however, the slope recedes gently from the river, and, growing steeper, 
ends 2,000 to 2,300 feet above the stream in a mural escarpment 150 to 300 feet high. 
This wall crowning the height is the edge of a sheet of basaltic lava whose dark- 
brown color and columnar structure give it emphatic value in the otherwise gray 
and tawny landscape. In general the summit is even and nearly level, it being the 
western margin of the plateau of eastern Washington, and the line of the escarpment 

aCaflcadc plateau, the term used by Russell to designate the surface which might be restored over the Cascade Range, 
would be used as the name of the peneplain, but its prior nw (1872) to denote a stratigraphic series renders it unavailable. 
Methow peneplain is therefore here applied, from an important spur of the Methow Mountains, in which the old level is 
well exhibited. 
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is in sympathy with other level lines that cross the slope at various altitudes. Some 
of these lines are terraces due to landslides^ others in ravines are terrace-like embank- 
ments that may be traced to the work of glaciers, and others much more continuous 
and nearer the river arc stream terraces of the great Columbia iteelf . These last are 
represented on the western side of the gorge also. 

Among the features which in any complete account of the region should 
be fully described are the several types of terraces of this enstern side of the 
gorge — the landslides, most conmion where the heavy columnar mass of basalt weighs 
upon the underlying schist and granite; the ice-built terraces, which are in part 
effects of tiny glaciers that gathered in the shaded lee of the plateau, in part results 
of occupation of Columbia Canyon by a tongue of a large glacier which, descend- 
ing from the north, flowed down the river to a mile below Chelan Ferry; and the 
river terraces that extend for miles along the stream, their even tops sloping down 
its course and their perfect embankments rising near Chelan FerrN^ as much as 600 
feet above the water. But all these features belong to a chapter of the history 
which is herein touched only incidentally — the very recent episode of glaciation. 

BADGER MOUNTAIN AND WATERVILLE 1»LATEAU. 

In its great sweep westward, southward, and southeastward across Washington 
Columbia River marks out the central plateau of the State. Most elevated near 
its western margin, this highland slopes in a general way east and southeast, and it is 
diversified both by channels and by uplands. The former, such as Grand and Moses 
coulees, appear to have been canyons of a large stream, probably the Columbia, but 
they are now nearly dry. The uplands are elevated portions of the plateau, connected 
with the lower parts by continuous slopes, usually not distinguished by scarp or 
steep. 

Badger Mountain and the Waterville plateau are parts of this central district, 
situated at its extreme western margin and separated from the eastern foothills of 
the Cascade Range only by the can^^on of the Columbia. It will appear later that 
there is in fact no separation in the sense that the mountain district west of the river 
has had an orogenic history diflFerent from that of the plateau east of it. But the 
rock structures and conditions of sculpture are so unlike that the two provinces 
appear at first sight to be physiographically and geologically distinct. 

In the vicinity of Waterville the plateau presents an undulating surface, with a 
maximum but very local relief of 200 feet in a tenth of a mile. Well-defined but 
shallow drainage channels converge southeastward from a flat divide at 2,900 to 3,000 
feet above sea. They constitute the headwaters of Moses Creek, which soon falls 
into a newly cut ravine. There was no water in any of the head streams in August, 
1900, and the flow is not only intermittent but never large. The surface is deeply 
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mantled with fine soil, derived from decaj' of the underlying basalt. Active cori^a- 
sion would qqickly gully and remove it. The sui*face forms are rounded and filled 
out by blown material, showing that wind rather than water in now the efficient 
modeling agent; yet the landscape as a whole presents relief due to stream work. 

In the flat spaces about the margin of the plateau, in the even divide between 
Coberly and Moses creeks, and in table hills southeast of Waterville, there are areas 
of considerable extent which are not now being eroded by streams. The}' present 
flattish surfaces, due to earlier low -level erosion, and are herein correlated as 
remnants of the plain once cut upon the basalt surface. From these remnants this 
plain is traced into the Cascade or Methow plain recognized by Russell. 

Badger Mountain appears as a long, low hill when seen from the north from 
Waterville plateau. Although it rises 1,400 feet above the plateau, its slopes are so 
gentle, its surface so smooth, its length so extended, that it does not appear to be 
more than a hill. The summit is broad and flat, and long spurs with even slope 
extend not only northward but also southward several miles into the high valley of 
Rock Island Creek. Only when seen from the depths of the Columbia gorge or in 
relation thereto is Badger Mountain impressive, as toward the canyon it generally 
presents one or more mural escarpments of basalt crowning a confusion of landslide 
terraces, and it is conspicuous in height and mass. 

The details of relief cut in its northern and southern slopes are more marked 
than those of the Waterville plateau, as might be expected from their steeper grade; 
but they are not accented by rocky walls, as are the similar features of Moses and 
Coberly creeks. Careful study of the two slopes of the mountain in riding across it 
discovered no conspicuous rock outcrops on the north or south. In the district 
of Imsalt flows, in which Badger Mountain lies, outcrops are rare where the dip 
of the basalt sheets and the surface slope nearly or quite agree; the outcrops are, on 
the contrary, conspicuous and continuous, like terrace walls, where a gentle dip of the 
sheets is beveled by a steeper surface slope. It is inferred, therefore, that the basalt 
sheets conform in a general way to the arched surface of the mountain, as they do to 
the surface of the Waterville plateau and of the synclinal valley of Rock Island Creek. 

When the physiographic features of the mountain are compared with those of 
the plateau they are found to be very similar if not identical. In the plateau there 
may be recognized flats of an old lowland and later slightly developed relief. On 
Badger Mountain the flats may be identified in surfaces of long unmodified spurs 
and in the level summit, while the later relief appears more decidedly developed, 
but of the same stage as that of the plateau. The mountain therefore appeal's to be 
a part of the plateau, raised to a greater elevation without interruption of the slope. 
In consequence of altitude and accented grade, the mass is undergoing more rapid 
corrasion than the adjacent plains of like rock, but the process of dissection has made 
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very little progress. Hence we may infer comparative ineflSciency of the process or 
recency of relative uplift, or both. 

TRIBUTARIES OF THE COLUMBIA. 

The traveler following the eastern bank of the Columbia crosses but a single 
stream, Coberly Creek, whereas along the western bank from Wenatchee to Chelan 
he encounters in 35 miles six streams, of which three are rivers. This distinction is 
not limited to the short stretch under consideration, it being true of the Columbia 
throughout central Washington. From Spokane River to Snake River, 276 miles, 
no tributary of noticeable size enters from the east, while seven large rivers come in 
from the west. On the one side is an arid plateau; on the other, well- watered 
mountain systems. 

Wenatchee River, Lake Chelan, the independent streams between them, and 
their tributaries drain approximately 30,000 square miles of high, mountainous 
country, which receives for the most part very heavy precipitation. The volume of 
water which they contribute to the Columbia is accordingly large. The three 
dominant rivers are Wenatchee, Entiat, and Chelan. Their courses are practically 
parallel, and at first sight, as stated by Russell,^ appear to be simply consequent 
upon the surface slope of the uplifted Cascade Plain. Evidence will be given later 
to show that Chelan is a composite stream, made up of several parts united by 
piracy; and it is probable that Entiat also consists of parts of what were formerly 
distinct streams. The history of Wenatchee River is not made out in detail, but it 
has a wider branching system than the others, and may, like them, be a composite 
river. Reason will be shown later, however, for considering it an older river than 
Chelan, and one which has lost to the Chelan system an important part of its head- 
waters. The Yakima and Methow systems appear to be equivalent to the Wenatchee 
in age and general history, and these three may be classed with the Columbia as 
representing a drainage system from which the existing one is derived by adjustments. 

The several valleys which join the Columbia from the west between Wenatchee 
and Chelan may now be appropriately considered. 

WBNATCHBE VALLEY. 

Wenatchee Valley is developed on a mass of arkose sandstone lying between 
harder granite and gneiss. Whatever the antecedent conditions of drainage, adjust- 
ment to this soft mass and opening of a wide valley must result in time. The degree 
of adjustment attained and the extent of the valley appear to be such as to show that 
there has been adequate time. In one respect, however, the river exhibits an eccen- 
tric course. After flowing some miles southward in the sandstone area, it turns 
abruptly westward and crosses into the adjacent granite on the west. Russell* 



"Twentieth Ann. Rept. U. S. Geol. Survey, pt. 2, p. 146. «>Ibid., pp. 140 and 158. 
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describes the depth of the canj'on which the river has cut in granite as 3,000 feet, and 
the length t> miles. An interesting problem is thus presented, and several alternative 
hypotheses occur in explanation. First, there is the idea that the meandering riv^er 
was superimposed upon sandstone and granite at a time when their surfaces came to 
a common peneplain.'' In this view the eccentricity is an original feature which 
adjustment has not yet modified. Second, the broad valley which exists in the 
sandstone may be looked upon as the original course of Wenatc*hee River, and the 
eccentricity of the present channel ma}^ be ascribed to diversion. A possible cause of 
diversion may be found in glaciation. As described bv Russell, the Wenatchee glacier 
once filled the upper valley as far down as a point abreast of the present entrance of 
the river into the granite can^'on. Under appropriate topographic conditions the 
ice might be competent to carry a stream flowing on its western margin over a divide 
into a small ravine adjacent, and thus the conditions for development of the present 
relations might be established. The fact that Upper Wenatchee River flows along 
the western side of its broad valley lends color to the hypothesis. 

At present a low divide crosses the sandstone area south of the elbow which 
carries the Wenatchee into the granite. The divide is so low that it does not 
interrupt the view up the valley from Leavenworth, and its sky line falls in with 
the general elevation of neighboring hills of sandstone, while all such hilltops lie 
much below the granite and gneiss mountains on either hand. It is this view of a 
continuous vallej^ which suggests the h3'pothesis of a formerly straight and now 
diverted course of Wenatchee River. The divide, nevertheless, requires explanation. 
Its elevation above that part of the valley upstream from it is a condition which 
could have resulted only from degimlation of the upper valley, since the Wenatchee 
ceased to flow straight south across the divide. The depression of the upper valley 
may have occurred (a) through post-Glacial work of the diverted river; (b) during 
a glacial epoch through ice erosion by the Wenatchee glacier; (c) in interglacial time 
by degradation due to the diverted river, provided the stream was turned into the 
granite area during an earlier glacial epoch than that which is well known by its 
evident and widespread phenomena. Two epochs of glaciation are recorded in 
separate tills (the Admiralty and Vashon tills) in the Puget Sound Basin,^ and the 
glaciers were there confluent from the Cascades, yet in the area of glacial erosion 
records of one epoch onl^^ have been found. It is possible that geneml uplift and 
erosion were incidents of an interglacial time and that the earlier glacial sculpture 
and deposits have been largely obliterated. Detailed study of the profiles and 
gravels of Wenatchee Valley and Canyon may throw light on the problem of two 
glacial epochs. 

a Twentieth Ann. Rept. U. S. Geol. Survey, pt. 2, p. 140. 

b Willis, Bailey. Drift phenomena of Puget Sound: Bull. Geol. Soc. America, vol. IX, pp. 111-162 
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The effects of deformation which are described in the Ubit sections of this paper 
may also be considered in this connection, and the area about Wenatchee Lake maj 
be found to have been depressed or warpcKi down relatirelj to the lower valley. 

ENTIAT VAlXFi-. 

Entiat River is a small stream amon<r its fellows. It lies between Wenat<-hee 
and Clielan rivers, and its drainage basin is sunxmnded by the basins of these 
streams, which join around its bead and cut it off from the high glacier-bearing 
district of the Casi-ades. The stream is alxmt 3;» miles long and has a straight 
course (S. i^8- E. ) to within 3i miles of its mouth, where it turns east to the 
Columbia. The valley is very symmetrical and is limited by the parallel Entiat 
and Chelan mountains. 

The Entiat flows in a deep gorge. ci»mparable in form with, but narrower than« 
that of the Columbia. Near its mouth the steep slopes are alK>ut 1.5<X» feet high, 
and on the south, up to !i.6<X» feet above the river, the tributary ra^-ines are sharply 
chiseled. North of the stream and l.K»(» feet above it l:>egin gentler slopes and broader 
features, which are connected with those that lie above the inner gorge of the 
Columbia. Up the Elntiat. about the junction with Mud Creek, the c:anyon appears 
to be but l.^>» feet deep and near Stormy Creek not more than 1.inh» feet. These 
differences are cxx)rdinate with the grade of the Entiat, which from Stormy Creek 
to the Columbia falls 1*5(> feet, and thus sinks that much deeper below the practically 
level contour of the base of the outer gentle topographic forms. 

Three miles above Stormy Creek the Entiat Valley bottom is half a mile wide 
and the slopes of the canyon are c*ontinuously steep for 3.5<K» feet up to the closely 
adjacent summits of Tyee Mountain and the Chelan Mountains. This phase of the 
gorge is related in aspect and position to the section of Lake Chelan above Twenty- 
five Mile Creek. E^h presents the appearance of a youthful canyon modified by 
glaciation« and their development will be further discusssd in stating the history of 
Lake Chelan. 

The i>osition of the Entiat Valley does not apypear to be due to any zone of rocks 
freaker than others so far as the di>tribution of rock masses is known h\ examination 
of float in the river near its mouth and by traversing the Chelan Mountains. The 
area is one of gneisses and intrusives. probably related in intricate manner. The 
rocks of the crest of the Chelan Range are. indeed, dikes which are relatively hard, 
and the divide is determined by them: the Entiat Range may be similiarly crested: 
but these dikes of hard materials are not cx>nfined to the summits. They presumably 
occur irregularly within the Entiat Basin. 

A simply fortuitous condition might determine the position of a minor valley 
like that of the Entiat between two larger ones, but there are some reasons for 
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believing that chance has not been a dominant factor in this case. It will be shown 
that the Entiat Mountains are located on an uplift, which was there more pronounced 
than along adjacent lines. The trend of this uplift is northwest-southeast, and it now 
limits the Entiat drainage basin on the southwest. The Chelan Mountains are prob- 
ably along a similar line of uplift. Thus the Entiat Basin apparently occupies the 
position of a depression between two uplifts, possibly a downwarp valley. 

The stream is, however, older than the most recent earth movements which have 
affected its present course. The uplift of the region in general, and of the Badger- 
Entiat Range in particular, occurred in two distinct episodes, and the first limited 
the Entiat Valley. The river appears then to have flowed straight to the Columbia. 
Its old channel is marked by the gap in the spur southwest of its present mouth, 
the gap which is shown on the topographic map at the contour of 2,600 feet, and 
which is 1,100 feet below the hilltop that rises northeast of it. The interpretation 
is that the stream was checked by the later movement on the Badger-Entiat axis, 
and was diverted to a new course, its present easterly one. It has since then cut its 
inner canyon down 2,000 feet below the old one. 

NAVARRE COULEE AND KNAPP COULEE. 

Navarre and Knapp coulees are unlike ordinary valleys in several respects. 
First, they carry no running water, except that from a spring which in each flows 
out near the level of the Columbia, at the foot of a gravel terrace. Second, the 
rivulets that now flow from beneath the gravel filling and which gather from gulches 
tributary to the main coulee are disproportionately small when compared to the 
valleys they occupy. Third, the canyons which constitute their present upper 
sections continue beyond the divide and extend into the Chelan Basin. Fourth, they 
have wide, flat floors of gravel, the one 400, the other 600 feet above the Columbia. 
This gravel filling appears as a conspicuous terrace when viewed from the eastern 
bank of the Columbia. Fifth, the wash from the adjacent hills is so copious that 
alluvial cones are built clear across the flat-bottomed coulee, and thus sections of it 
are convei*ted into hollows, which occasionly hold water and accumulate sediment. 

In cross section the two coulees are miniatures of the Columbia gorge. Each 
exhibits a narrow valley or canyon within a wider valley and thus records episodes 
of development which are directly related to those of the great river. Like the 
Columbia, Navarre stream and Knapp stream had their beginnings back in the time 
of the ancient plain whose remnants barely survive in neighboring heights. 
Navarre was always much larger than Knapp, and its features are more conspic- 
uously developed. 

From the Columbia the ascent to Navarre Coulee is by a sharp V gulch, beyond 
which one rides out upon the surface of the gravelly flat 400 feet above the river 
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VIEW IN NAVARRE COULEE. 
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(siee Fl. Xlt. Mod for 5 miles may follow die level bottom. One then eaters a 
Danower cuitoiu mmrked oo the w€^ side by m conspicuoos Terdod will of gnanitie 
KXi fe^ bigk. and in three-fooiths of a mile passes diraogii thfe gate into a prattr 
glade lying level between wooded slope^v. Tbeheadof tbis glade i#an amphitheater, 
little more than :^]H> yards in diameter and steeply hemmed in. It is sil»t now fAve 
for the siighing of the pines, bat at its farthest point is the racant site of a oadcade. 
whose Toice once resoanded from the snrroimding hills. The fall was about 150 
feet and the vohmie of water was large. The stream was a river flowing frcvm the 
Clielan glacier, and by this pass the great mass of gravel which fills the lower canyon 
entered Navarre Coulee. At the end of the latest glacial episode the ice sank within 
the Clielan Basin and the river f oand a lower eastern course. The cascade, however, 
is only the latest incident in thf history of the valley. Before the ice time Navarre 
stream had cut the inner canyon and before that the outer valley. 

Above the cascade^s vacant channeL as one rides ont upon a gravel terrace from 
which the slope descends ^00 feet to Lake Chelan, the emphasis of the environment 
is upon the recent glacial condition: but reverting to the earlier histoiy one finds no 
apparent source of the older stream. The valley is cut dear through the divide and 
ends in the air high above any streams which might once have been its headwaters. 

Kna{^ Coulee closely resembles Navarre^ but on a smaller and less emphatic 
scale. Near its southern end and western side bare rocks rise boldly in the face of 
the gravel terrace below the channel of the latest glacia] stream and formed the sill 
over which the cascade dashed. Northward and 5(«0 to 600 feet above the C(dumbia 
the sur&ce of the gravel terrace extends :^ miles to a narrower section, which corre- 
sponds to the consfncuons canyon of Navarre, and by this pass the open slope above 
L^ke Chelan is reached. Again the valley is cut through the divide and at least 400 
feet below it. but the headwaters of the stream which accomplished the task have 
been so diverted to lower channels that they can no longer flow through the pass; 
indeed, they can no loi^ner be positively identified, except that they must now be 
tributary to Lake Chelan. 

The history of these coulees is thus seen to comprise in order (1) an early stage 
of valley development at a surface now above the ±CKX»-foot contour: (5) a phase of 
canyon cuttings which was sharply accentuated in a space just south of the Chelan 
Basin: (3) the diversion of the headwaters: (4» the reoccupation of the channels by 
glacial >treams. which, being heavily overloaded, filled them with gravel: (5) their 
present condition, in which they are being aggraded by wash from the steep side 
>lopes. and reexcavation has begun in gullies facing the Columbia. 

These incidents i^f individual history, esp^ei-ially the a^vented canyons and diver- 
sion of headwater:?, fit in with other evideni^< in the interpretation of the character 
and distribution of defoniiation of the region. 
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LAKE CHELAN. 



Lake Chelan is a slender body of water 65 miles long, whose southeastern end 
lies open to the sky between the grass-grown hills of the outer Columbia Valley, 
while its northwestern lies in shadow between precipitous mountains in the heart of 
the Cascade Range. There are sandy shallows near its outlet, but beneath the cliffs 
of its upper course the water is profoundly deep. 

In brief technical phrase, the lake basin is a canyon modified, deepened, and 
dammed by glaciation. The canyon is that of the Stehekin-Chelan River, which rises 
in latitude 48° 30' in glaciers of the Cascade Range at altitudes of 5,000 to 8,000 feet. 
The headwaters descend very abruptly, 1,000 to 1,800 feet in the first mile below the 
glaciers, and combine in a U-shaped valley of gentler grade, the fall being 2,500 feet 
in 23 miles. This section is cut in rock bottom. For 12 miles farther downstream 
the valley is floored with bowlders, coarse gravel, and sand, and the slope is but 20 
feet to the mile, ending in the delta which the stream is building into Lake Chelan. 

The gravel-filled section of the valley is no doubt deeply cut in the solid rock, 
since but a short distance beyond the front of the delta the lake is more than 500 feet 
deep. For a distance of 35 miles the depth varies from 1,000 to 1,400 feet, 1,419 
being the maximum as yet sounded. As the water surface is but 1,079 feet above 
sea, the bottom of the lake is for a short stretch 300 feet below sea level, and an inter- 
esting question is raised as to how so deep a basin originated. Fifteen miles from 
its outlet the lake begins to shallow, and in its lower reach does not exceed 200 feet 
in depth. 

The water is retained at its present level b}' a dam of sand and gravel, which in 
the section exposed by Chelan River is seen to consist of several successive members, 
i. e., soil, coarse stream gravel, till, very coarse grav^el in pockets or channels, and 
cross stratified sands. The base of the drift is not exposed. This drift dam fills the 
preglacial valley by which the Stehekin-Chelan River once reached the Columbia, 
and the present outlet turns from the drift into the gneiss and granite south of it, 
and has there cut a deep rock gorge. 

The topographic environment of Lake Chelan presents several distinct phases. 
(See Pis. 1 and XIII.) About the eastern end the general aspect is that of a wide, 
open valley bounded by hills 1,500 to 2,500 feet high. The slopes are marked by 
long, low spurs, whose profiles rise moderately, but with increasing angle upward 
to the summits. Slight hollows between them have consistent grades. The surface 
is that of mature topography characterized by profiles which are concave upward, 
but on traversing the hilltops one notes in their flattish and rounded forms that the 
stage of maturity is not everywhere completely developed, else the ridge crests 
would be sharp, and sympathetic with the active corrasion of the slopes. The earlier 
phase is not, however, distinctly traceable in these summits. 
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Upon this mature surface are cut and built certain younger features. Where the 
major spurs sweep downward to the level that once was the valley floor and become 
gentle in slope, they end abruptly in steep or precipitous facets which break directly 
down to the lake shore and are about 400 feet high. These bluffs might readily be 
attributed to ice erosion, in view of the conspicuous evidences of glaciation in the 
Chelan Basin, but they are traced and correlated with the steeps which wall the inner 
gorge of the Columbia below the limit of any glacier, and they therefore are similar 
elements of the Stehekin-Chelan canyon which was cut within the mature topog- 
raphy of an earlier date. 

Terraces which fill the hollows and occasionally skirt the slopes for some 
distance occur at various levels up to 1,100 feet above the lake. Their topographic 
position, relations among themselves, and constitution show that they formed in 
lakelets confined on the hillside b}^ spurs and on the now open side by the glacier 
which occupied the Chelan Basin. A full discussion of them belongs to the glacial 
history of the region. 

In the view from Chelan Butte northwestward, the lower section of Lake 
Chelan is seen for a distance of about 15 miles to occupy the wide basin just 
described. Its trend in this stretch is north by west 8 miles, and thence due north 
7 miles. Along the western side of the latter reach runs a bold ridge, whose even 
crest is 3,600 to 4,200 feet above the lake and whose eastern face descends precip- 
itously nearly to the water. A marked feature of its scarp is a deeply stained 
surface, freshly exposed, which is locally known as Red Slide. The lake trends 
westward around the northern end of Red Slide ridge and disappears from view 
among lofty mountains. The Metbow Range lies north, the Chelan Range south, 
both rising to more than 7,000 feet above sea within 5 or 6 miles of the lake, and 
both sending out long, high spurs which maintain altitudes of 6,000 feet above sea to 
within 2 miles or less of the lake. From these spurs descend very steep slopes, 
scored b}^ little ravines and worn by glacial action. 

Sunk deep among the mountain heights, the fiord-like lake extends 32 miles. 
The grandeur of the scenery readily lends itself to superlative description, but exact 
statement must be moderate. The walls of the canyon are sloping, not precipitous. 
Bare and gray and desolate, the mountain sides and cloud-draped peaks are very 
impressive, but though their height be 6,000 feet above the lake they nowhere tower 
in precipices like Yosemite walls. The maximum inclination is usually near the 
water surface, and for a hundred feet or so may locally approach 60 degrees. Gen- 
erally it is less than 40 degrees. And from this steepest facet the profiles rise in a 
curve which is convex upward, and pass into the nearly level spurs of the adjacent 
ranges. The narrowest and boldest section of the canyon is just above Safety 
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Harbor Creek. It is called the Narrows and is shown in the view PI. XIII, and in 
profile in fig. 5 of PI. XIX. 

The physiographic features of the fiord lake are readily correlated with those of 
the Columbia River gorge. The steeps of the latter are not only homologous with 
the walls of the former, but they are mutually traceable one into the other through 
Navarre Coulee, ELnapp Coulee, and the Lower Chelan Basin. That they are due to 
a common activity — the familiar corrading action of a stream — is apparent. They 
diflfer, however, in certain aspects. The gorge of the Columbia exhibits acute pin- 
nacled rock ledges cropping through slopes of soil and loose rock. The canyon 
of Lake Chelan presents massive rounded bosses of rock, cleaned and worn down by 
a mighty scouring action. This is the work of ice which, as a glacier, flowed 
through the fiord, driven by the accumulations in the tributary valleys of the Cascade 
Range. 

The diverse aspects of the Chelan Basin invite discussion. Its lower valley section 
and its upper fiord-like extent are of different topographic stages, the one being 
mature, the other young. Their diversity may be explained as the result of either 
one of two conditions or of their combination. The lake basin below Twentyfive 
Mile Creek may be cut in softer rocks than the part above that stream, and its more 
advanced topographic development may be due only to a consequently greater rate 
of erosion. Or the section below Twentyfive Mile may actually date farther back 
in time than the upper portion, and may have attained its present stage through 
longer exposure only. But in the view now held by the writer both of these condi- 
tions have been effective. 

As to the rocks in large masses they may be considered in two classes. The softer 
ones are gneiss and schist; the harder are jointed intrusive rocks. Granite occurring 
as dikes outcrops in bold ledges in Chelan Butte and elsewhere, and is one occasion 
of the high divide south of eastern Chelan Basin. Rhyolite-porphyry and granite- 
porphyry dikes stand out ruggedly as the crest of the Chelan Range, and similar 
rocks occur extensively in the Methow Range, at least about the head of Safety 
Harbor Creek. On the other hand, the rocks seen north of the eastern part of Lake 
Chelan are micaceous and schistose. In so far as these differences coincide with 
heights and hollows, we may attribute a certain effect to them, and the most con- 
spicuous instance of such coincidence is found about Lake Chelan below Twentyfive 
Mile. But on the whole the region is characterized by indifference of topographic 
pha^e to rock structure, and the distinctions described are not adequate in themselves 
to explain the great features of Lake Chelan. 

A number of fa6ts go to show that the Stehekin-Chelan canyon is a composite 
one, and that the development began at the east and extended westward. In that 
case the eastern section dates farther back, and its advanced topographic aspects 
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may thus be explained as not only more aged in appearance, but actually older. If 
the valleys of Navarre and Knapp have been properly interpreted as beheaded, 
Chelan CJanyon, below Twentyfive Mile, carries their headwaters. The drainage 
once consisted of Chelan Brook, a little stream which entered the Columbia at the 
old outlet of the Chelan Basin half a mile above its present mouth, and which headed 
east of Knapp Coulee; of Knapp Creek which drained certain slopes north of the 
present Lake Chelan; and of Navarre stream, which was composed of First Creek, 
Twentyfive Mile, and the brooks that enter Lake Chelan east of Falls Creek. It is 
doubtful whether Falls Cteek then existed, and a divide is thought to have extended 
from Navarre peaks of the Methow Mountains uninterruptedly across to the Chelan 
Range. According to hypothesis, little Chelan beheaded Knapp, greater Chelan 
captured upper Navarre, and the valle}'^ below Twentyfive Mile was established in its 
present course. 

This piracy is attributable in part to adjustments of drainage to hard and soft 
rocks. As already stated, both Navarre and Knapp coulees exhibit sharply accented 
canyons near their northern ends. These are in hard granite. Columbia River, if 
it encountered this same granite axis farther east, would reduce the obstacle much 
more rapidly than the smaller streams could, and thus little Chelan Brook, flowing 
on softer gneiss with a low outlet might gain sufiSicient advantage to divert its 
stronger neighbors. It is believed that this condition existed and was influential in 
effecting the readjustment, but its sufiSiciency is doubted unless it was aided by other 
circumstances. 

Deformation is believed to have played an important if not a major part in the 
diversion of upper Navarre and Knapp to Chelan. As will appear in the synthetic 
study of the Methow plain, its remnants are recognized south of the ridge which 
connects Baldy Mountain and Chelan Butte and on the western part, but not on its 
eastern extension. (See PI. XVII.) The area of the ridge appears to have suffered 
greater degradation, which is attributed to that greater elevation of which there is 
evidence in the position of the Methow plain. This upwarp stretched across the 
courses of Navarre and Knapp streams and ponding their upper courses, made them 
an easier prey to little Chelan. The accented canyons which they now exhibit as the 
upper sections of the coulees are interpreted as evidence of the efforts made by the 
streams to maintain themselves before capture. 

The preceding interpretation sufiices only for the Lower Chelan region. The 
extension of Chelan drainage above Twentyfive Mile and to the Stehekin is still to 
be explained, and that explanation depends chiefly upon the slope, which connected 
the upraised surface of the Methow plain at an altitude of 8,500 feet or more with 
the level of that same topographic surface east of the Columbia at 3,500 feet. This 
slope is shown in fig. 4, PI. XIX, east of Navarre Peaks, but it is there probably 
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gentler than it was toward the basin of lower Lake Chelan at the place where Chelan 
drainage beaded against it. There can \io no question but that the development 
of that slope caused vigorous growth of the head branches of streams rising on it, 
and that capture and diversion of any river less favorably situated must result. 
That there was such a river api)ears to follow from the recognition of an old valley 
which now lies at a great elevation and is completely dissected. In descriV)ing this 
feature it will >)e convenient to name it, and it will \)e called Rassell River. " 

The valley of Kussell River was first recognized in the summer of 1899 in a 
view past and northeast across the Entiat and Chelan mountains. On the southeast 
the Mount Stuart group formed the right wing, and on the northwest the high 
summits of the Cascades were the left wing. In the far distance on the horizon 
lay the 'basalt plateau of central Washington. According to expectation, the Chelan 
and Entiat mountains, extending from the high Cascades on the west to the basalt 
plateau, should descend in a general slope without marked depression along the 
mid-sections, or decided elevation in the eastern ends. But such depression and 
elevations were striking features of the view. Stormy (7,219 feet), Baldy (6,432 
feet), Tvec (6,B88 feet), and heights in the eastern P^ntiat mountains not yet mapped 
stand higher than those portions of the ranges between them and the Cascades. 
The profiles of the lower mid-sections of the ranges are peculiarly flat and suggested 
cross sections of a shallow valley. The heights east of the mid-sections are traversed 
by the deep canyons of Entiat River and Chelan, such canyons as should be formed 
>)y streams atta<^king an elevated bench and retrogressively cutting into it. The 
slope of the supposed V)ench forms the eastern side of the Cascade mass jind is a 
necessary feature connecting the mountain block with the lower surfaces on the east. 
And a stream flowing on the bench and parallel to its face in the general position of 
a valley corresponding with the lower mid-sections of the range would be peculiarly 
liable to capture. 

When in 1899 this hypothesis of the former existence and complete diversion of 
Russell River was framed, equal consideration was given to another explanation. It 
was that the depression along the mid-sections of the ranges was due to a zone of 
weak rocks, which had wasted faster and yielded lower divides between the attacking 
streams. In IIMX) these hypotheses were tested so far as practicable. The depres- 
sion was clearly recognized from various, points of view on the Chelan and Methow 
mountains, and it was visited at the only place accessible to the route followed. 
This place is in the southwest corner of the Methow quadrangle (see PI. XVII), about 
the head of Lake Creek. The divide between Lake Creek and Lake Chelan is 5,900 
to 6,000 feet above sea, and the heights on the east risje above 6,700 with points over 
7,000, while those on the west reach 8,500 feet at a considerable distance. The low 

a In honor of Prof. I. C. Kumell, who tint published an account of the Methow plain, on which the river flowed 
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pass is a mile and three-quarters wide between the points of the 6,000-foot contour. 
The ridge was examined for the presence of a weak zone of rocks, but it was found 
to consist of gneiss cut by granite in essentially the same relations and of the same 
general character as the masses of the heights on either side. Speciall}' active work 
of the streams opposed to each other across the divide is not evident, the crest being 
broad and deeply covered with soil. The further thought that the depression was 
due to localh' energetic agencies of present streams or possibly of past glaciers, was 
therefore not sustained. 

On the other hand, positive evidence of Russell River, such as river gravel, was 
not found, and indeed could hardly be expected to have survived. The ancient 
stream thus remains in a measure hypothetical rather than known, but its supposed 
course may be sketched as follows: The headwaters of Russell River are now known 
as the Stehekin and are diverted to the Chelan system, the diversion having occurred 
at a point now about 10 miles southwest of Navarro Peaks (Pis. VIII and XVIII), 
and 6,100 to 6,300 feet above sea; that is in the air 5,000 feet or more above Lake 
Chelan. Thence the course of Russell River was across the divide at the head of 
Lake Creek, the valley floor lying probably above the lowest sections of the ridge as 
it is now sculptured. Lake Creek may be a surviving remnant of the old stream, 
representing a beheaded section which was cut oflf also from its lower course by 
the Entiat. Between Entiat and Wenatchee rivers the valley of Russell River is 
marked in the heights, and the course was probably southwesterly. Finally Russell 
River joined the Wenatchee, of which it was the northern and possibly the principal 
branch. 

Reverting now to the development of the Chelan system, we have to consider 
what ma}; have been the conditions if Russell River did not exist. In this c»se the 
writer has little to present that is satisfactory. It maj- be assumed that Chelan and 
Stehekin constitute a consequent stream, which has flowed in its present course 
without any such complex adjustments as have been discussed; but in that case the 
beheaded condition of Navarre and Knapp coulees remains an unsolved and appar- 
ently insolvable problem. If again it be suggested that Navarre stream formerly 
included not only Twentyfive Mile but also all the upper Chelan-Stehekin drainage, 
the valley of Navarre is disproportionatel}" small, and the diversion of so large a 
river to the present outlet appears altogether improbable. 

The youthful aspect of Chelan Canyon above Twentyfive Mile remains a fact, 
whatever the early history of the drainage system, and is due to and evidence of 
recent uplift of the mass in which it is sculptured. Its significance in relation to 
deformation will be further considered in discussing that subject. 
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ENTIAT MOUNTAINS. 

To see the £ntiat Mountains against the sky and in their relation to the Columbia 
gorge and Badger Mountain, one should ascend the spur between Navarre and 
Knapp coulees to an altitude of 3,100 feet. Thence Badger Mountain presents an 
unbroken even-topped height which is taken up by the Entiat Mountains and carried 
westward for 2 miles till it rises into conical peaks 800 feet higher. • (See profile 7, 
PL XIX.) The otherwise uniform sweep is broken by the great valley of the 
Columbia, which clearly exhibits its inner gorge and outer slopes. Restoring what 
the river has cut away, the topographic continuity of Badger and Entiat is apparent, 
and they are also geologically a unit, since the basalt and gneisses occur in similar 
relations in both. 

The continuity of structure and profile of the mountains which the Columbia 
divides shows that they are of one mass that moved as a unit in the uplift of the 
region. Similar reasoning and conclusion apply to Waterville plateau and the mesa 
north of Entiat River. They also, though divided, are of one mass, but their sur- 
faces lie 1,000 to 2,000 feet lower than the mountains. The river's trench is deeply 
cut in both masses, but if we filled it to the brink between the plateau and the mesa, 
the stream could not flow across the higher mountains before it It is clear that 
when the river adopted its course the mountains were not higher than the plateau, but 
that since that time the Badger- Entiat mass has been raised higher than the region 
north of it. As has already been pointed out, this uplift sufficed to cause the diver- 
sion of the lower part of Entiat River, but it did not rise with sufficient rapidity to 
turn the great master stream, the Columbia. 

The broad flat at the eastern end of the Entiat Range, 4,500 to 4,900 feet above 
sea, corresponds in extent with a basalt i-emnant. The dip of the basalt is not less 
than 3 degrees and probabl}^ nearer 5 degrees to the north. The slope of the surface 
is about li degrees in the same direction. The dip and slope therefore appear to 
diverge 150 feet or more to the mile. If we assume that at any time the surface 
was level, the basalt then dipped 1^ or more degrees, and the level crossed the basalt 
beds at a slight angle. It is more probable that the surface declined slighth' down 
the course of the Columbia and was cut across the nearly level basalt. Both have 
been tilted in the uplift of the Entiat Range. 

Though small, the angle at which the flat surface and the basalt bedding diverge is 
important, since the surface is thereb}^ identified as one of erosion in contradistinc- 
tion to one of structure. The evidence is slight and by itself insufficient to establish 
a conclusion, but it is sustained by the fact that in this region similar flats are cut 
across structurally indifferent gneiss and granite, and it is corroborated in the 
Yakima district by the definite observations of G. O. Smith, with which it is in line. 
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CHELAN MOUNTAINS. 



From Columbia River at Navarre Coulee an Indian trail leads to Stormy 
Mountain, the highest point of the Chelan Range, and following the crest for some 
miles in a northwesterly direction crosses the Entiat Valley and the Wenatchee 
Mountains toward Leavenworth. Like most Indian routes in this region, it was 
chosen from among the many possible ones because it presented little difficulty to 
the passage of horses, the ridges followed being of gentle rise. To this fact of 
topographic form and to exceptions to it, attention is now called. 

After a sharp scmmble of 1,200 to 1,600 feet it is a surprise to ride out upon 
nearly level or broadly rounded surfaces which are deeply mantled with soil. Yellow 
pines {Piniis pond^ond) grow vigorousl}^ but widely spaced, as is their habit; the 
surface is scantily covered with grass, and groups of shrubs stand here and there. 
A few hundred feet to right and left this surface rounds off into steep slopes that 
descend to adjacent hollows. Follow a lateral spur of the ridge and you come to a 
cliff, the margin of a larger ravine. Pursue your course northward along the ridge 
and you ascend easily, though with occasional slight descent, to about 4,000 feet 
above sea. Gi-adually the ascent becomes steeper to the top of a ridge at 5,000 feet, 
and following this two miles to the eastern side of Baldy Mountain you strike a 
moderate slope of limited extent at about 5,500 feet above sea. AlK)ve this Baldy 
presents a sen-ate ridge whose highest tooth attains (),482 feet al)ove sea. The 
height, the ragged angular forms, and bare talus all mark the hardness of the rocks, 
rbyolitic porphyry and granite, which occur in a system of large dikes traversing 
hornblende-gneiss. Stormy Mountain (7,219 feet), the spur (7,142 feet) 8 miles 
northwest of Baldy, and much of the inter\^ening crest are sustained by similar dikes 
and present the same acute topographic forms, but adjacent to them, at elevations 
above 6,000 feet, there are gently rounded flattish surfaces, which are physiograph- 
ically not in sympathy with the active work of frost on the peaks above or the 
energetic corrasion progressing in the ravines near by. These flats are of small 
extent, but of definite character. The most apparent one lies between Twentyfive 
Mile and Lake creeks, where the divide trends north, leaving the dike system of 
rhyolitic porphyry that runs out in the sharp peak at 7,142 feet. For convenience, 
it may be called Fourmile Ridge. The prevailing rocks of Fourmile Ridge are 
granite and gneiss, which afford no structural occasion for the flattish surface. For 
a distance of 4 miles the summit has a general elevation above 6,600 and below 6,800 
feet, declining gently northward. It is slightly notched at several points, and even 
where it widens out it is rounded, not level. But lying as it does between steep and 
even precipitous slopes which descend a thousand feet into the adjacent depths, its 
grassy, soil-covered surface is a striking remnant of an earlier physiographic 
14493— No. 19—03 5 
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condition. It is a derivative from a plain, and although modified it has not lost its 
significant aspect, a long and practically continuous uniform slope. (See profile 5, 
PI. XIX.) 

Had the rider, ascending from the Columbia along the old Indian trail, turned 
southwest on the level above the 3,000-foot contour, he might have followed the 
divide between the Columbia and the Entiat, over the broad hill having an altitude 
of 3,757 feet, and out onto the bit of plateau or mesa which overlooks the junction of 
the two rivers. As may be seen from the topographic map, the accents of the ridge 
are slight, but the ravines^ carved in its sides are acute. The surface at an altitude 
of about 3,757 feet, its northeastern and southwestern spurs, and the mesa southeast 
of Strummel Canyon are peculiarl}' broad and simple forms as compared with their 
environment. The mesa exhibits occasional basalt scarps and is a corner of the 
Waterville plateau isolated by the Columbia Gorge. Through its structural and 
physiographic characters it is an important link between the great plateau and the 
Chelan Mountains. Approaching the mesa in form, but unlike it in rock structure, 
the hill having an altitude of 3,757 feet continues the same topographic phase, and 
its spurs extend the type on the one side to the £ntiat Gorge, on the other to Navarre 
Coulee. 

Considered as a whole, these features are clearly distinguishable from the steeps 
which are now subject to energetic corrasion by brooks and rivulets. Considered in 
detail, two less clearly distinct phases may be recognized among these broader features. 
Discriminating by form we may find surfaces which approach a plain and those which 
are marked by moderate relief; judging by relative elevation, we shall discover the 
plainer surfaces above the more clearly sculptured ones, but without definite 
boundaries between them. Carrying the comparisons over wider areas the flats are 
found at different heights, but always in the same physiographic relations. 

Thus, physiographically, the mesa, the spurs of the hill with an altitude of 3,757 
feet, and Fourmile Ridge belong to one and the same stage. The crests of the hill 
which has an altitude of 3,757 feet, of Baldy, of Stormy, and of the hill which has 
an altitude of 7,142 feet, are older monadnocks, whereas the long spurs of the range 
fall into the class of later features, and the canyons of all magnitudes into that of the 
latest. 

METHOW MOUNTAINS. 

The Methow Mountains lie between Lake Chelan on the southwest and Twisp 
and Methow rivers on the northeast. Only their southeastern portion, up to Stai 
Peak, is included in the accompanying map (PL XVIII) and in the profile (PL XIX). 
A portion of it, known as Sawtooth Ridge, extends with serrate and glacier-bearing 
peaks into the heart of the high Cascades. 
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At their eastern end the Methow Mountains are no higher than the neighboring 
plateau east of the Columbia. Like the Entiat and Chelan mountains they are 
structurally continuous with the plateau, from which they are separated only by the 
canyon which the river has cut. Looking northward from Chelan Butte or the 
margin of the plateau above Chelan Ferry, the sky line of the plateau is continuous 
with that of the Methow Mountains at an altitude of about 3,400 feet. Rising 
westward with moderate grade the peaks of Navarre are reached, 7,800 to 8,2<h) feet 
above sea, and thence northwestward for many miles the summits are of remarkably 
uniform altitude. 

As a mountain mass between Lake Chelan and the parallel valleys northwest of 
it, the Methow Mountains are 12 to 15 miles across from southwest to northeast. 
The\' have a very definite watershed from which all streams flow by the shortest routes 
to Chelan, Twisp, or Methow rivers. West of a line drawn north and south about 3 
miles east of Navarre Peaks the crest is narrow and often I'agged, but high spui*s 
extend out on either side to distances of 3 or 4 miles, maintaining in their heights 
the general altitude of the watershed. Navarre Peaks are the southeastern represent- 
atives of a large number of points which closely approach or slightly exceed 8,<X)0 
feet in elevation, and which are linked together by high ridges branching from and 
on a general level with the central divide. These peaks and spurs are clearl}' 
derivatives from a plateau. 

The eastern part of the summit exhibits some broad areas, and from them the 
spurs decline gradually, especially toward the southwest. As compared with the 
deep canj^ons cut in them, these surfaces belong to an earlier stage of topographic 
development. They are residuals which distinguish the district east of an ideal 
line from the region of acutely mature topography west of it. The distribution of 
tliese residuals and of the drainage lines flowing southwest and northeast suggests 
that the surface between the Methow and the Chelan east of Navarre Peaks would, 
if restored, fonn an arch pitching southeast and merging in that direction into the 
basalt plateau. Traced westward this arch flattens out in a level above the summits 
of the higher part of the range. 

In topographic forms and drainage the Methow Mountains present most 
interesting problems which involve the discussion of earlier topographic phases, 
deformation, stream adjustment, and glaciation. But the writer's opportunities 
for observation have not been sufficient to solve them. 
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SYNTHETIC DISCUSSION. 
GENERAL STATEMENT. 

In the preceding pages the separate features of the region have been described 
as they now are, and their interpretation in terms of topographic development has 
been suggested. In what follows it is proposed to discuss each stage of that 
development from the earliest recognized up to the latest glacial epoch. The glacial 
phenomena are very conspicuous and have been noted from the terraces of the 
Columbia to the lingering glaciers of the Cascades, but their record is one which 
is more complex than can be read without special studies which are yet to be made 
by an experienced glacialist. That chapter is therefore not included in this 
discussion. 

Enough has been said in the descriptions to indicate that several stages of topo- 
graphic development have been recognized. They are clearly evident in such a 
profile as No. 1, PI. XIX, from the Entiat Mountains across Columbia Canyon to 
Badger Mountain. Beginning with the highest, the peaks (5,700 to 5,800 feet) and 
the flat adjacent to them are considered to be representatives of the oldest stage of 
which definite evidence remains. They are correlated with Badger Mountain, the 
Waterville plateau, surfaces in the Chelan and possiblv the Methow Mountains, and 
the level from which the high Cascades are sculptured. This oldest stage is therefore 
that of the Cascade plateau, as named b^^ Russell, but now called the Methow stage. 
It is also identified by G. O. Smith. The characteristic topographic type of the 
Methow stage was a plain, upon which residual hills survived. Following Davis, it 
may be designated a peneplain, with monadnocks. 

Within this plain were carved valleys which appear to have attained nearl}' 
mature development. That of the Columbia in profile No. 1, PI. XIX, appears to 
have been 2,000 or 2,500 feet deep and 7 or 8 miles wide. The smaller streams 
certainly developed shallower and narrower valleys, but remnants of the Methow 
plain west of the Columbia were few and limited. On account of its preservation in 
the basin of the Entiat, this stage is named from that river. The characteristic 
topographic form of the Entiat stage is mature. It occurs as a spur or divide below 
occasional residuals of the Methow stage and above features of later stages. 

Within the relief of the Entiat stage there were cut deeper channels, some of 
them canyons of impressive depth, many of them simply mountain mvines. The}' 
constitute the most marked and everywhere the most characteristic features of the 
topography of the region. Any large stream might be chosen as exhibiting the type, 
but probably none shows it in various degrees better than the Twisp, which from its 
junction with the Methow to its source in the Cascades lies in a canyon that varies 
from a few hundred to 4,000 feet in depth, as can be seen on the Methow topographic 
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atlas sheet. This stage is accordingly named Twisp. The characteristic of the Twisp 
stage is a canyon, the typical feature of topographic youth, but the development 
progressed far toward maturity. 

The Twisp stage closed with accumulations of glacial ice, which occupied the 
canyons and in many instances greatly modified them. Rivers overloaded with drift 
filled their channels to greater or less extent. Lake Chelan and the terraces of the 
Columbia near its outlet afford the «iost conspicuous examples of these phases of 
activit3\ This stage of glaciation will accordingly be called the Chelan stage. 

With retreat of the glaciers to the highest amphitheaters of the mountains the 
streams began to reexcavate their channels. The glaciers still linger and the rivers 
are still engaged in removing drift. To complete the sequence of stages, this latest 
and present one may be designated from a stream which flows from several surviving 
glaciers and is clearing its old valley of drift, the Stehekin. 

It is somewhat diflicult to place these several stages in geologic time. On the 
evidence of fossil plants from the Ellensburg formation, the Methow plain in the 
Yakima district is post-Miocene. The data are fully presented by G. O. Smith, and 
the unity of the feature throughout the Cascade Range is discussed b}^ the writer 
under its proper head below. The very long time required to accomplish such 
extensive and uniform leveling appears reasonably to occupy most of the Pliocence 
and to bring the date of the next stage near the close of that epoch. 

The line between the Pliocene and Pleistocene can not be fixed with certainty. 
By definition Pleistocene begins with and dates from the earliest Glacial epoch. In 
the Puget Sound Basin there are deposits of two glacial advances with those of an 
inter-Glacial epoch, but in the region of glacial erosion and on the eastern side of the 
Cascades generally the observed record is of one advance only. The relation of the 
repeated record to the simpler one has not been made out. They may correspond to 
the same time interval, during which in the lowlands of Puget Sound there was an 
epoch of glacial retreat not marked in the mountains. In that case glaciation of the 
canyons covers the whole time of glaciation and all glaciation was later than that of 
canyon cutting. In other words, the Twisp stage was pre-Glacial, and thei^efore 
pre-Pleistocene. On the other hand, it is equally probable that glaciation of the 
heights as now recognized corresponded only to the later epoch which is recorded in 
the Vashon till of Puget Sound. An earlier epoch of glaciation, that of the 
Admiralty till, in that case occurred also in the Cascades, but has not been made out. 
Its record may not be recognizable if the Twisp stage of energetic erosion corre- 
sponded with the inter-Glacial episode. On that hypothesis, the £ntiat stage may 
have been early Pleistocene. 
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The following tabulation expresses the most reasonable estimates of correlation 
for the several stages in geologic time. 

Physiographic development of the Cascade Range, 
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interrupted 
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present. 

Glacial epoch . . 
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valley. 

Gorge of Lake Chelan 
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Columbia. 


Glacial retreat and reexca- 
vation of old valleys. 

Glacial occupation of can- 
yons, canyon modifica- 
tion, and valley filling 
bv overloaded streams. 
Glacial diversion of 
streams. 


Recent. 
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Twisp 

Entiat 


Canyon of the Twisp, 
Methow quadrangle. 

Basin of the Entiat and 
foot spurs of the Chelan 
Range. 


General acceleration of cor- 
raslon, resulting in exca- 
vation of canyons and 
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ments of drainage. 

Development of mature 
topography generally 
throughout the Cascade 
plateau. 

Planation by erosion to a 
low plain with monad- 
nocks. 


Pre-Glacial 

Pre-Glacial 


Inter-Glaclal ... 

Earlier Glacial 
epoch. 
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Generally throughout the 
broad mountain dis- 
trict, and specifically 
in Yakima Valley. 


Pre-Glacial 


Pre-Glacial 


Pliocene. 
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CONDITIONS OP DEVELOPMENT. 



The characteristic feature of the Methow stage was a plain, and where now 
recognized the essential form of the remnants is a flat, or approaches a flat, from 
which the existing surface is immediately derived. The plain might have originated 
through (a) marine deposition, (5) marine planation, (c) as the original surface of a 
lava flow, (d) by erosion to a peneplain. 

{a and b) Marine deposition and planation are excluded from among the possible 
conditions of development of the Methow plain, because the surface extended over 
hundreds of square miles without being in any way conformably related to any 
sedimentary formation, and is cut unconformably across the bedding of the 3'oungest 
sediments of the district, the EUensburg formation. 

(c) The original surfaces of Miocene basalt flows probably coincide with the 
Methow plain in some areas of the Columbia Basin, and it has been thought that 
these <*oincidences were so extensive that the plain was determined by the basalt, at 
least as far as the flows extended. The writer's local observations about Waterville 
and west of the Columbia are not satisfactorih' definite in this regard. At the one 
point where dip of the basalt could be seen in the Entiat Mountains there is a slight 
unconformity, but generally no good observation was possible. In the Yakima 
district, however, where the evidence of coincidence was thought to be most striking, 
(t. O. Smith has observed a general unconformit\\ which, though conmionlv slight, 
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Relative elevation is an important factor in recognizing remnants of the 
Methow plain, but in this respect elevation above sea is less significant than 
position above other features. Since in course of physiographic development an 
older residual feature commonly lies above all younger forms, we should look for 
remnants of the plain, the oldest surviving phase, at the greatest altitudes in any 
locality; but where the plain falls below any summit we are constrained to recognize 
the latter as a residual, or monadnock, upon the plain. 

Distribution and character of reslduah, — Detailed geologic surveying with 
adequate base maps has teen carried out in the Cascade province chiefly by G. O. 
Smith. His identification of the Methow plain in the Yakima province is described 
b}^ him in the earlier part of this paper, to which the reader is r' ferred. In what 
follows the plain is traced in the district between Wenatchee and Methow and in 
portions of the high Cascades seen bj^ the writer. 

The distribution of recognized residuals is shown on the maps, Pis. XVI, XVII, 
and XVIII. The mapping is an adaptation of observation to base map, carried out 
in the oflBce and largely guided by the topographer's delineation of forms. Exact 
boundaries can not be recognized in the field, except occasionally for short spaces, 
and none are attempted in the graphic statement. The areas delineated as repre- 
senting the Methow plain are not thought ever to correspond exactly in surface 
with it. They have been modified slightly by corrasion and materially by disinte- 
gration and wind erosion; but they retain the typical character of the plain 
suflSciently to demonstrate its fonmer existence and to represent it. 

In the Waterville plateau wide areas are characterized by flatness. They occupy 
the positions of broad divides and are commonly distinguished from lower, gently 
sloping surfaces by an intermediate steeper facet. They are unsympathetic to the 
slightly accented drainage channels, and they fall into one general plain. They 
probably correspond nearh' with the surface of basalt flows, but no outcrops of the 
rock were observed, deep soil prevailing everywhere within sight of the writer's 
route except on the scarps toward Columbia River. Their great extent removes 
them from the category of surfaces possibly due to rock structure onl}', and their 
other characters identif\' them as residuals of an ancient lowland plain of erosion. 

Two isolated hills southeast of Waterville and the nearby spurs of Badger 
Mountain are believed closely to approach the flat of the Methow plain. The spur 
east of the main road from Waterville across the mountain most nearly continues 
to the summit an unbroken surface, which may be considered representative. The 
top of Badger Mountain has the character of the Waterville plateau, and long, even 
spurs extend this aspect into the valley of Rock Island Creek on the south. 
Independent physiographic evidence of Columbia Canyon and some meager 
structural facts show that the mountain is an anticline of later development than the 
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Methow plain, which should accordingly rise above the arch or to a greater or less 
degree coincide with it. In general profile the coincidence appears to be close; the 
summit and southern slopes are probably not much modified; but the northern slope 
is dissected until very little, if any, part of the surface represents the plain. 

South of Rock Island Creek the characteristic broad expanses extend to the 
escarpment above the Columbia gorge and their sky lines are continuous across the 
canyon with the heights of Table Mountain, from which they descend to the Yakima 
Valley. 

The Methow plain west of the Columbia is preserved in a few small remnants 
only. The even slope on basalt in the eastern end of the Entiat Mountains, 4,800 to 
4,900 feet above sea; Ribbon Mesa, 3,300 feet; spurs above the contour of 3,400 
feet on the hill^ which reaches an elevation of 3,747 feet; and Fourmile Ridge, 6,700 
feet, have all been described. They are topographic flats which are on the whole 
not determined b}' structure planes of the basalt, where there is basalt, and which 
occur on jointed and schistose rocks as well, which are not in sympathy with their 
present environment, and which have, to later topographic stages, the relation that 
the Cascade plain holds. Therefore, in spite of their considerable and diverse 
altitudes, they are identified as residuals of that once continuous lowland. 

It is possible that detailed study of the Chelan Mountains between Baldy 
Mountain, Ribbon Mesa, and Chelan Butte will discover other bits of the plain 
on summits of spurs and about monadnocks. There is room for question whether 
the hill which rises to an elevation of 3,757 feet is a monadnock or not. The 
plain may sweep above it, but the general interpretation of facts would not be 
modified in any essential particular by such changes in the determination of local 
positions. 

Of the Methow Mountains the writer has not seen the portion east of Navarre 
Peaks except in general views from a distance. Their profile thus seen is char- 
acteristically that of a tilted, somewhat dissected plain. They rise with continuous 
line from the plateau level east of the Columbia from 3,400 feet or less to 6,000 
feet above sea. They then appear to sweep up in a steeper but moderate grade 
to the heights of Navarre Peaks at 7,8(X) feet. The topographic map and the 
profile derived from it (tig. 4, PI. XIX) confirm this observation. Along the 
crest, from 3,400 to 6,000 feet above sea, there are residual surfaces of flat form 
unsympathetic to their environment. One extends from 3,600 feet to 3,800 feet. 
There is then a rise over Cooper Mountain, which is probably a monadnock, 
about 300 feet above the plain. Beyond this the flats occur near or above 5,600 
feet, with ascent to 6,100 feet, and thence upward the crest is sharp. Navarre 
Peaks might be regarded as summits older or younger than the flat surfaces — as 
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niCHiadiK^dD^ or deM^fidjuit^:^ (jcit, cotrndered in their refaaions to the mmny 
beigfat« of n^xmt tlvf Muoe akitude whieh ooeur wef^ of tbem and ooonect tbem 
witii the i^ntffml b'%'<^l of the high Oucsdet^. Nnvarre Peskfi appear to be de^^end- 
aoti$« a*d the plain wweep^ up to and o%'er them. 

The recofMtmetion of the Methow plain ba» proceeded thiu< htr upon identifica- 
tUm fA re^iduak. wbi'.^i actually or m nearly represent itf? surface that they may he 
taken for it In extendini; the recom^mction farther over the Methow Mountains 
and the high Cjun^wi^. another line of reaiK>ning must be followed. 

In the Cam»de Range viewK from high altitudes present two i^triking features, 
that mutually are in «»trong contract. The one \» the acutenei$«$ of the mountain 
formn^ often sharply needle-like; the other Ib the uniformity of general elevation 
which the^e boldly sculptured peaiu approach. The sharp formn result from the 
activity of front and thaw, of corni«nonf and of transportation in shattering and 
removing rock muMeh^ whone principal controlling structure is steep jointing. The 
uniformity of heights has lieen interpreted as inheritance from a former plain sur- 
face, and also an effect of erosion at great altitude. 

The latter hypothesis has been considered in view of facts closely resembling 
those oljserved by Dr. Dawson, its author, in the same mountain range, but it does 
not seem to be sustained. The activities of erosion do not appear to tend toward 
more uniform effects with greater altitude, on the contrary elevation emphasizes 
their locally unequal intensities. Corrasion and transportation are effected by 
falling water, whose energy for a given mass is directly as the fall, and conseqaently 
increases with height of land. Corrasion and transportation are very narrowly 
localized in activity, and bold the same relation to general degradation that a circular 
saw does to a planer. Their intense application results in deep canyons, the extreme 
of height and depth. Disintegrating influences, whether chemical or mechanical, 
may act e^|ually with equal opportunity, but they are controlled by conditions of 
exposure. Upon an uneven surface these are varied and they become more and 
more diverse as inequalities of relief develop. The suggestion that frost and thaw 
may with elevation gain in effectiveness more rapidly than corrasion and so may 
limit the height to which peaks may attain in a growing range, appears not to be 
sustained by study of mountains much higher than the Cascades, nor by theoretical 
reasoning in regard to the work of freezing water. Thus after careful consideration 
the writer has felt obliged to abandon the hypothesis of development of a common 
high level among mountain peaks. 

The general level of Cascade summits is suggested in the views, Pis. IX and X. 
The one is the central section of a panorama of three views, looking southwest 

a A deM'Ctidiint la a topographic feature carved from the maw beneath an older topographic form which has been 
rWDOved. 
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from th^ head of a tributary of the Yakima across spurs of the range. The other 
is a view down Stehekin Valley to the distant Methow Mountains. In neither case 
does the photogi-aph give the full effect of these landscapes; the angle is but 50 
degrees of the full circle, of which the greater part may in a central situation show 
similar effects, and in each of these particular cases the camera was 1,000 feet or 
more below the peaks, which consequently appear higher near by. To see such a 
surface of common altitude the eye should be in it. A diagrammatic presentation 
of the fact of nearly uniform altitudes is given in the profiles of the Methow Moun- 
tains west of Navarre Peaks. (Figs. 4 and 5 of PI. XIX.) Of the dozen or more 
summits represented in as many miles, none is lower than 7,800 feet and only one, 
Star Peak, rises to 8,500 feet above sea. While this diagram gives but a single line, 
several profiles across the range might be constructed showing similar relations of 
mountain tops on spurs which extend 3 to 4 miles from the central divide. 

The fact of uniformity of summit level becomes more and more impressive as 
it is observed over wider and wider areas. Russell and the writer have found it to 
extend over practically all of the high Cascades, occurring at altitudes which vary 
from 6,000 to 8,500 feet according to the portion of the range in view. There will 
probably be little if any dissent among future observers from the inference that this 
widespread equality of heights is derived from a landscape of gentle relief, but 
opinions will diflfer as to the degree of plainness of the ancient surface. The occur- 
rence of granite monadnocks, such as Mount Stuart, rising a few hundred feet above 
the probable position of the old plain, is significant in this connection. Were they 
numerous they would indicate a hilly region, but far apart as they are and of moderate 
altitude they suggest that planation had made general progress toward a low peneplain. 

The present altitude, which the plain would have above the mountain tops if it 
existed, is yet to be carefully estimated. In that portion of the Methow Range 
which has been topogmphically mapped and studied, the summits near and above 
8,500 feet (Star Peak, 8,500; Oval Peak, 8,800) have broad, rounded forms. It is 
possible that they rose to, if not above, the Cascade plain in this vicinity. On the 
assumption that the altitude of the plain would now be about 8,500 feet, the inherited 
summits lie 200 to 600 feet below it. This is probably a minimum. On the other 
hand, if Mount Stuart and similar granite cones are monadnocks, the plain can not 
well be reconstructed more than 1,200 feet above the ridges which surround them. 

ENTIAT STAGE. 
PHYSIOGRAPHIC RELATIONS. 

The physiographic relations which constitute the chief criteria that serve to 
identify features of the Entiat stage are those of a development intermediate 
between an older and a younger stage. In position and in form Entiat residuals lie 
between the flats of the Methow plain and the canyons of the Twisp stage. 
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The Entiat stage was first recognized by the writer in riding from Wenatchee up 
the Cohimbia gorge and over the high spui's between it and Entiat River. It then 
became evident that the Columbia Valley consisted of at least two parts, an inner 
canyon and an outer valley, a younger and an older phase; and above the older 
were found the surfaces identified as parts of the Methow plain. In extending the 
observations it was found that a distinction nmst be made between those parts of 
the Cascades which had been subject to much precipitation and consequently had 
suffered deep corrasion, and those which had received slight precipitation and had 
been but faintly engraved. This difference of sculptures in Entiat time is parallel 
with the present divcirse aspects of corresponding areas of great and little rainfall. 

The criteria by which Entiat and Methow features are distinguished have already 
been stated. Where they both occur adjacently, the former lie below the latter and 
in unsympathetic relations. The distinguishing point between Entiat and Twisp 
slopes is a more or less prominent projecting angle or bench. Its significance 
depends upon the fact that in homogeneous material normal profiles of a continuous 
cycle are concave upward. The curve or angle which is convex upward or outward 
may result from rock differences or from glac^iation or from revival of stream 
activity; the first is commonly a loi^l, the others genenil phenomenon of an}' par- 
ticular district. Along the western side of the Columbia the gneiss and granite are 
unlike in detail, but in general they are homogeneous in their attitude toward 
erosion agencies. The hills have not been glaciated, nor did glaciers of the latest 
epoch extend so far down either the Columbia or Entiat. Nevertheless, each of the 
long spurs of the Entiat and Chelan mountains is chamcterized by a markedly 
prominent angle, and in the ravines a corresponding change occurs at the top of a 
steep stream grade or fall. In all the unglacnated heights west of the Columbia, this 
angle is a prominent and significant feature. In glaciated slopes the older records 
cut by the streams are modified by ice work, and the features are more complex. 

IIISTKIBUTION AND CHARAtTKR OP RBHIDlTAtX. 

Features such as are characteristic of the Entiat stage exist generally throughout 
the higher Cascades, so far as the writer's observation goes, but residuals, in the 
sense of unmodified forms, probably do not survive to the same extent as do those 
of the Methow stage, if at all. This follows from the greater effectiveness of 
erosion on slopes as compared with that on plains. 

Representative Entiat features are rounded or flat ridges, spurs, and gentle 
slopes, commonly distinguished by a covering of deep soil, as weil as by their 
physiographic relations. To enimierate them would be to repeat much that has been 
said in describing the ranges, but typical examples may be cited. In the eastern end 
of the Entiat Mountains the spurs, which extend at about 4,700 feet from the flat of 
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Methow date down to about the contour of 2,600 feet, exhibit typical Entiat profiles. 
(See profile 1, PL XIX). The ridge isolated by Lake Chelan, Columbia River, and 
Knapp Coulee is a characteristic Entiat form in its summits and spurs above the 
1,500-foot contour. (See profile 2, PI. XIX.) The rocky height of Chelan Butte is 
probably a monadnock of pre-Methow date, but the development of Entiat features 
has gone so far as to remove the plain from about it. The slopes of the ridge are 
scored by numerous ravines, in which corrasion has progressed steadily during all 
the time since the Entiat epoch closed. They are therefore more deeply cut than 
formerl}^ having steeper grades toward the top. In their lower channels they have 
been materiall}' modified by deposits of the Chelan glacial epoch. 

The profile 3, PI. XIX, exhibits Entiat slopes in relation to the forms that 
preceded and followed them. The long spur between Mad Creek and Tyee 
Mountain, 3,500 feet to 6,500 feet; the spur of the Chelan Mountains. 5,500 feet to 
6,700 feet, and those of the Methow Mountains above 6,000 feet, along this section 
line, are reasonably near Entiat features. They exhibit the long concave curve, the 
windgaps, and the rounded summits, for the most part deepl}^ soil covered. 

There may be features whose age is indeterminate because their aspects and 
relations are capable of more than one interpretation. Such a one is the flat spur 
contoured by the 3,000-foot line west of Navarre Coulee and rising by gentle grade 
to the mountain which has an altitude of 3,757 feet. If of Methow date, it is a part 
of the plain marked out around the last-mentioned mountain near the 3,500-foot 
contour, and its inferior position is due to warping. If of Entiat date it is a low level 
of an early epoch in the widening of Navarre Valley; and in that case, also, it ma}', 
in consequence of warping, now occupy a position lower than it had in relation to the 
Chelan Mountains. Were the ridge continuously broad and gentle of slope from 
the mountain having an elevation of 3,757 feet nearly to the top of the Chelan 
Mountains east of Baldy, the former date would seem probable; but the hill crowned 
by the 3,500-foot contour and several interruptions of the gradual slope by steeper 
intervals indicate that the plain was eroded, and we have to deal with an Entiat 
surface which locally developed a flat feature. 

DKGREE OF KNTIAT RELIEF. 

West of the Columbia the differences of elevation covered b}- features assigned 
to the Entiat stage are considerable: In the eastern portion of the Entiat Mountains, 
from 2,600 feet to 4,700 feet; in Chelan Butte, from 1,600 feet to 3,700 feet; in the 
district west of Navarre Coulee, from 2,000 to 6,000 feet; in Tyee Mountain, from 
3,500 to 6,600 feet; in profile across Lake Chelan from Fourmile Ridge to the 
Methow Mountains, from 6,000 to 7,700. These variations occur not only in 
diflferent places, but on slopes which decline in diflferent directions, and some part 
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of the apparent relief is attributed to defonnation. We may therefore distiii^uii^h 
between those which apparently have not and those which have been tilted. 

The spur which descends at the eastern end of the Entiat Mountains connects a 
well-preserved Cascade flat with the gorjjfe of the Columbia, the largest stream. 
Lying on but parallel to an axis of uplift, its inclination has not been affected 
appreciably by warping, and its relief — 2,100 feet — ma}^ fairly be taken as 
representing the facts at that place in Entiat time. The spurs of the Chelan 
Mountains extending north from Fourmile Ridge and those of the Methow 
Mountains opposite them are apparently once continuous parts of a profile now 
interrupted by Chelan Canyon. They do not exhibit evidence of depression or 
tilting toward the canyon, and their degree of relief — 1,700 feet — is probably not 
greatly different from what was the maximum in Entiat time at that point. 

The long slopes which rise 3,000 feet and more to Tyee Mountain and to the 
Stormy Mountain ridge are apparently not in their original attitude. The elevations 
of Cascade residuals and the canyons cut in these ranges show that the heights of 
Tyee and Stormy are due in part to local as well as to general uplift, and that 
the Entiat features have shared in the change of attitude. In a less degree this is 
believe<l to be true also of the Chelan Butte ridge. 

GLACIATED ASPECTS OF KNTIAT HKIGHT8. 

Where extended masses occur at high altitudes in the Cascade Range, the 
togographic features may be classed as four in number: (1) Dominant peaks, Usually 
acute in form; (2) high serrate ridges and spurs, which are often very narrow: 
(3) elevated amphitheaters of characteristic glaciated form ; (4) canyons, usually also 
glaciated. Those dominant peaks which rise approximately to a common altitude 
or higher are considered to be descendants of the Methow plain and its monadnocks, 
as already stated. Similarly, but even less adequately, the serrate ridges and glacial 
amphitheaters represent features of the Entiat stage. They are developed in masses 
which were not deeply cut by canyons of the Twisp stage, but those masses may 
probably have been sculptured into valleys and divides during the Entiat stage. 
The alternative is to assume that degi-adation of the Methow plain to post-Chelan 
aspects of glacial sculpture was accomplished without any intermediate stage of 
aqueous erosion. This view possibly might resonably be held were not the Entiat 
stage clearly recognizable in the unglaciated area.. Since the latter is the case, how- 
ever, it is logical to infer the development of valleys and ridges of Entiat date, from 
which glaciated amphitheaters and their tangent arStes are derived. 

MATURITY OP ENTIAT TOPOGRAPHY. 

In the usual threefold division of a topographic life period into youth, maturity, 
and old age, maturity may be used in either one of two senses, namely, to describe 
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a long mid-interval daring which the prevailing features are narrow divides, steep 
slopes, and V valleys; or, second, to designate with precision that exact date at which 
a given residual of an earlier stage is reduced to nothing and the divide begins to 
dwindle under the attack of opposed headwaters. In the latter sense maturity at 
any particular date is a term of strictly local application, since residuals do not all 
succumb at one time. 

In the broader sense of the word, Entiat topography was mature where precipi- 
tation was heavy. In the narrower sense, it approached maturity alx)ut residuals of 
the Methow plain, where they still exist, but generally outside the arid region it had 
passed the precise instant of mature development. That is to say, the divides had 
become sharp and lower than the corresponding surface of the Methow plain. 

KXTIAT FEATURES IN ARID AREA8. 

In arid areas Entiat features have not l>een clearly recognized. This fact may 
be due to one of two conditions. In Entiirt time areas now arid and high may have 
been similarly situated, or they may have been low. In the one case aridity, in the 
ottier lowness, would have limited erosion, and the features which developed would in 
either case be inconspicuous. 

In the Yakima district G. O. Smith does not distinguish the Entiat stage. On 
the Waterville plateau and Badger Mountain it is probable that Entiat features exist, 
but are mantled by later deposits and obscured. The valley of the Columbia bounds 
these areas on the west. Its inner and outer gorges are less conspicuousl}' separate 
east of the river than west of it, because landslides have generally modified the scarp, 
and to them the suggestive details of the profile might be ascTibed; but the two 
episodes of development are distinguishable on the east in appropriate relations to 
the corresponding details west of the river. On the plateau there occur, below 
residual flats of Methow date, long spurs separated by lightly engraved channels. 
Their contours and profiles are round and gentle. They appear nowhere to be com- 
posed superficially of hard rock. Soil derived from basalt and a soft sand deposit of 
unknown age and origin were the materials seen. Well-filled angles and fluent curves 
of the landscape evidence wind work. The sculpture is that of aqueous erosion, 
moderately developed, and later modified by wind erosion and wind-drifted material. 

In view of the stages elsewhere found, it is probable that the work of aqueous 
agencies was accomplished during the Entiat and Twisp eix)chs, and that effects 
of mantling are due to conditions which prevailed during the Chelan and Stehekin 
(Glacial and post-Glacial) stages. 

On Badger Mountain ravines are cut more deeply than on the plateau and winds 
have had comparatively little effect; yet the slopes of the mountain exhibit remark- 
ably slight erosion as compared with the heights west of the Columbia. It will be 
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shown in discussing deformation that the elevation of Badger Mountain above Water- 
viile plateau is chiefly a growth of post-Entiat date, and therefore Entiat features 
are inconspicuous on the mountain, and what dissection has occurred there is of 
Twisp age and later. 

TWJSP STAGE. 
CHARACTERISTIC FEATURES. 

Canyons are the prevailing valley forms of the Cascade province. In elevated 
districts they are profound and numerous, and, having the U section due to glacia- 
tion, their volume represents a large part of that of the original uplifted mass. 
Between the glaciated and arid districts lies the zone of simple but energetic aqueous 
erosion in which unmodified canyons are most strikingly developed. In the arid 
region, the central plateau of Washington, canyons are deeply cut in the basalt. 
The most conspicuous, such as Grand Coulee, are ascribed to diversion of the 
Columbia during glacial time, and if that be true, do not belong to the stage here to 
be discussed. 

The inner gorge of the Columbia between Wenatchee and Methow is a steep-sided 
channel cut below older topographic features in the bed rock mass of the region. 
Its position and proportions are such in relation to the river that there can be no 
doubt that the master stream cut it out. Glacial strisB were found by Salisbury 
on its western wall just above Chelan Ferry. A morainic terrace occurs on the east- 
ern bank a mile below Chelan Falls, and from this southern limit of the glacier a 
very conspicuous system* of river terraces, composed of glacial drift, extends down 
the valley. The gorge is, therefore, of aqueous origin and was carved prior to the 
latest glacial episode. As such it is a reprasentative canyon of a pre-Glacial stage. 
It lies within and clearly distinct from features ascribed to the Entiat stage, and its 
development thus occupies an interval of time between the Entiat epoch and 
glaciation. 

A geographic name for this stage can not well be chosen from this typical 
section of the Columbia Gorge, the desirable names having been applied to other 
uses, but it would appear from the topographic map of the Methow^ quadrangle that 
Twisp River has worked out a channel scarcely less characteristic, and the name is 
selected accordingly. 

DEVELOPMENT OF TOPOGRAPHIC FORMS. 

The Twisp cycle of topographic development was interrupted at an early phase 
by the advent of glacial conditions. The survival of Entiat and Methow residuals 
and the effects of glaciation sufficiently demonstrate this fact. 

Columbia Canyon, between Wenatchee and Chelan, was cut to its present depth by 
aqueous corrasion before the latest Glacial epoch, since it is occupied by drift, which 
the river has removed down to bed rock at various points along its channel. The 
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canyon walls receded to some extent during Glacial and post-Glacial time, and the 
amount of recession is shown to be appreciable by the fact that cliffs above Chelan 
Falls, past which a glacier extended and over which it rose, now exhibit pinnacled 
profiles that have developed since the ice withdrew. But the occurrence of glacial 
strifle near the summit and on the river side of the cliffs indicates that the form of 
the canyon was not greatly different then from what it now is. This is within less 
than 2 miles of the end of a tongue of the wide-spreading glacier which came 
from Methow and Okanogan districts. The ice was probably nearly stagnant and 
ineffective. 

In the glaciated region of the higher Cascades, the canyons are developed on a 
grand scale. Russell has rightly described them as extending with channels at 
railroad grades into the very heart of the mountain mass, and the}' are from 1,000 
to 3,000 feet in depth. They have been widened and deepened b}^ ice work, to 
what degree is yet to be determined, but apparently in some instances greatly. 
Nevertheless, when all reasonable allowance has been made for glaciation, the 
canyons which may be ascribed to corrasion during the Twisp stage were of great 
depth. They were relatively narrower than they now are, and their topographic 
development had the character of advanced youth. 

CHELAN STAGE. 
CHARACTER OF THE RECORD. 

The climatic conditions of the Chelan stage interrupted the topographic cycle of 
the Twisp stage. They induced glaciation, and occasioned verj* pronounced phe- 
nomena of glacial erosion and glacial construction, the latter including extensive 
deposits from overloaded streams. Russell has already described these features in a 
preliminary way, and they have been touched upon incidentally in this article. The 
general facts are conspicuous, have been widely observed, and are published. It is 
expedient here to discuss only one fact, the depth of Lake Chelan, which has a possible 
relation also to the question of deformation. 

THE BASIN OF LAKE CHELAX. 

Lake Chelan occupies a canyon in gmnitic and gneissoid rocks. The waters are 
retained by a dam of drift, but discharge through the gorge of Chelan River into the 
Columbia, whose bed is not far from solid rock. According to the altitudes above 
sea of rock in place in the Columbia several miles below the junction, that of the 
lowest rock sill over which the waters of Lake Chelan can have escaped is about 700 
feet. The elevation of the lake's surface is 1,079 feet, and its depth exceeds 1,000 feet 
through a stretch of lk\ miles.'* The maximum sounding was 1,419 feet, i. e., to 340 
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feet below sea level, or 1,040 feet below the rock rim of the basin. The depths are 
given on the map (PL XVII), and they present an interesting problem in the question, 
How did the lake channel become so deep? 

According to the physiographic record, the Chelan channel developed by stream 
robbing and became a river canj^on through the usual effects of stream action, 
which are, however, incompetent to have so greatl}" deepened it. It may have been 
deepened by faulting or glacial erosion. 

Faulting is not readily capable of direcrt proof or disproof in the rock structures 
of gneiss and granite. There is, however, throughout the Chelan-Stehekin system 
of channels a unity of form, which strongly suggests unity of development, and 
through which any hypothesis of faulting as a condition of the Lake Chelan can3^on 
should be extended to its tributaries; but the ramifications of the system and the 
slenderness of the supposed downthrows are such that the hypothesis is untenable. 
If the area of faulting be restricted to that of excessive depth in the Chelan Basin, 
there is a similar peculiarity of form in the supposed downthrow and no evidence to 
support the proposition. We may turn, then, from the purely theoretical idea of 
faulting to that of glacial erosion. 

Effects of glacial erosion are obvious throughout the Chelan-Stehekin system. 
They may be traced from the moraines of existing glaciers in the cirques about the 
headwaters, down the grooved and rounded canyon walls, into the waters of Lake 
Chelan, and out to the terminal moraine near the Columbia, in all a distance of 70 
miles. Three miles above the terminus of the ancient glacier its thickness was 1,000 
feet, and its surface stood about this amount above the present level of Lake Chelan. 
Thirty miles above its lower end, that is, near Safety Harbor Creek, the thickness of 
the ice was 4,500 feet, and toward the head of the lake it probably exceeded 5,000 
feet. Detailed observations as to the upper limit of glaciation along the lake shore 
are needed, but the above statements are based upon a few points definitely noted. 
That this mass of ice was capable of exerting great erosive power can scarcely be 
doubted, but it remains to be shown that the phenomena of depth of the lake basin 
bear some logical relation to the probable effects of ice corrasion. 

It is believed that the erosive power of ice when moving as a glacier is a function 
of the volume of ice, the restriction of channel, and the rate of flow. ^ These factors 
are, it is true, in a measure interdependent, but it is not important here to separate 
their influences, as we can not deal with the problem quantitatively. It will suflBce 
to show that the excavation of the channel is proportioned to the amount of ice 
entering from successive tributaries and that, where the volume is constant, the depth 
of the channel is inversely as its width. 
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The extent of former glaciers in the Chelan -Stehekin system is indicated (with 
a rough approximation only to the facts, but suiBcient for this purpose) in the map 
(PL VIII). It may there be noted that the drainage from a considerable area is 
concentrated at the junction of Stehekin and Bridge creeks, and it is at that point 
that the headwater canyons pass into a conspicuously wider channel, and that the 
stream assumes a flatter grade. Just abov^e the junction of Agnes Creek this flat 
ends in an abrupt descent to a wider and lower valley floor, which extends from 
Agnes Creek to the head of Lake Chelan. The cross section of the canyon widens 
slightly, but not notably, and its depth, so far as it may be determined by the sound- 
ings in Lake Chelan, increases gradually to the junction of Railroad Creek. Abreast 
of this stream the valley is considerably wider, and may be regarded as a basin com- 
petent to store a considerable volume of ice. A short distance down the lake, near 
Prince Creek, is the upper end of the Narrows, which extend to Twentyfive Mile 
Creek. Here the walls of the canyon are steepest, and approach each other most 
nearly, and here the depth of the lake increases rapidly. Below Twentyfive Mile 
Creek the valley opens out and the lake basin rapidly shallows. 

There is in the above-described relations that coincidence between width and 
depth of channel which in the single case might be considered fortuitous, but which, 
when oft repeated and found to be systematic, presents a strong argument for a 
relation between cause and effect. While the data are by no means so complete as 
might be wished, and while a thorough discussion of the problem would require that 
one should eliminate the effects of glacial and stream filling in order to arrive at a 
true measure of the depth of the channel, it is not probable that these sulx)rdinate 
factors could change the dominant relations'f rom which it is inferred that the basin 
of Lake Chelan owes its unusual depth and charJtcter chiefly to glacial erosion. 

A further test of this conclusion may be applied by contrasting it with other 
valleys in the same region, many of which have been occupied by glaciers, and none 
of which exhibit similar peculiarities. A thorough study of the glacial effects 
throughout the region should shed much light upon the nature of the phenomena, 
but it may here suffice to say that the Chelan case is exceptional (1) in the large 
volume of ice contributed from an area of approximately 350 square miles, through- 
out which the mountain summits range in altitude from 7,000 to 8,500 feet, and 
(2) in the remarkable depth and narrowness of the canyon through which the glacier 
was forced. 

DEFORMATION. 

Criteria. — The criteria according to which the nature and amount of defor- 
mation are commonly determined are of a stratigraphic character. The surface of 
a stratum, assumed to have been plane and observed to be flexed, is a datum from 
which changes of form may be deduced. In the area under discussion in the present 



84 CONTRIBUTIONS TO GEOLOGY OF WASHINGTON. 

case tho ro(»ks are gneisses and Intrusive gi'anites, whose structures do not aflFord 
dips from which to infer the nature of recent deformation. The occurrences of 
basalts, which do afford such data in the EUensburg district, are of no value in the 
area west of the Columbia and north of the Wenatchee, as their distribution is 
very limited. Jointing, the commonly developed structure of all the rocks of the 
district, has not been so studied as to yield results. It follows that deformation 
must l>e investigated upon a different basis, viz, chiefly upon ph^^siographic evidence, 
through the warped form of the earliest recognized topographic surface, the Methow 
plain: and the facts described in the account of the physiographic history are thus 
made use of in the following discussion. 

Fnndammtal propositions, — In the preceding discussion certain principles have 
been applied in interpreting the relations of physiographic features and deforma- 
tion, but the statement of those principles has l>een deferred to this place, where it 
may form an introduction to the account of mountain growth. In general terms the 
propositions are as follows: 

(1) Mountain growth involves changes of altitude of such vertical amount and 
such moderate extent as compared with continental areas that elongation of the 
earth's i-adii beneath the mountain mass may more plausibly be assumed to account 
for the elevation reached above sea level than general subsidence of the datum 
plane. The eflFect of such elongation is appropriately described as an uplift when 
the whole mass is considered. 

(2) Uplift results in defonnation of the preexisting topographic surface, which 
is elevated in some areas above others that may be considered relatively depressed. 
In what follows the term warp will be used to designate deformation of the surface, 
upwarp and downwarp being employed to describe, respectively, elevated and 
depressed areas, always the former topographic surface, and independently of the 
rock structure. The latter is appropriately expressed in the terms anticline and 
syncline. . 

(3) Erosion occurs only as a result of change of relative altitude, and its effects 
arc a function of the amount of change. 

(4) Other things being equal, the several sections of a river valley between 
source and mouth are consistently developed, when uplift has l)een uniform and 
simultaneous, within moderate limits of variation. Inconsistent sections are 
evidence of unequal uplift or of uplifts of different dates. 

(5) At any particular stage of development in homogeneous rocks the normal 
grade, or slope, of a plain or river valley is variable within narrow limits only: 
abnormally steep, gentle, or reversed grades are effects of warping during succeed- 
ing cycles. 
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CASCADE UPLIFT. 

The Cascade Range is an elevated mass which is observed by all who come within 
sight. Equally recognizable by adequate observation is the wide, tabular form of 
its surface, as are also the marginal slopes which connect it with lower adjacent 
surfaces. The gross form, all details of spurs and sculpture being omitted from 
consideration, is that of a broad uplift, with wide, flat top and sloping flanks?. 

The general fact that the uplifted surface has been eroded is obvious, and 
investigation of the topographic forms shows that they express several stages of 
development, of which the initial one was an ancient peneplain that extends over the 
mountain mass. The peneplain having been pnictically flat and low, according to 
its origin, and being now elevated in part, there has been warping, the amount and 
character of which are expressed in any section by the diflference between an arc of 
the earth's spheroid at sea level and the flat arch of the uplifted surface. Thus we 
may describe the Cas(*ade uplift as that broad and flat-topped elevation which lies 
between Puget Sound on the west and the central plateau of the Columbia River 
Valley- on the east. 

Height and ext^mt, — With reference to sea level, the surface of the Cascade 
uplift, or the upwarp, actual and restored, varies in altitude from 6,000 to 8,500 feet 
throughout the area of its upper level. The maximum of 8,500 feet is attained 
probably north of the forty-seventh parallel and is maintained throughout more than 
one degree of latitude to the forty-ninth parallel. South of the forty-seventh parallel 
the extent and altitude of the warped plain are not well known, except that at an 
altitude of about 7,500 feet it forms the platform upon which stands the volcanic 
cone of Mount Rainier, and probably extends in a similar manner beneath Mount 
Adams, Mount Hood, and other volcanoes in Oregon. Its altitude probably lessens 
toward the south, but it is not likel}'^ that it falls below 5,000 feet along the broad 
axis of the uplift. The width of the uplift at its elevated plateau level is variable, 
but is probably rarel}' less than 60 miles nor more than 100. As may be seen in PI. 
I, the eastern margin is crenulated, and in consequence of the fluting the width 
of the flat top of the upwarp is very variable, and it is possible, as suggested by 
Smith, that the larger marginal downwarp may extend nearly across the axis or 
entirely across it. 

The further description is limited to the area north of the forty-seventh parallel 
and more narrowly to the regions which have been described in detail in the 
preceding chapters. 

Limits of CiiHtude upwarp, — The limits of an upwarp are here taken to be 
represented by those slopes produced by warping, by which the descent from the 
high, flat top to adjacent areas is accomplished, without regard to eflfects of erosion. 



In thn ^i#^.^ th#^ (Jaj^rrari^ upw^rp m Hmiti^ on the north* according to the ohRenrmtioQ:?^ 
rxf O. i^X .Smith, apparf-ntlv ^IT a •♦lope which extend** merfjim the axi* of the ran^ a 
j^hort diMtaw^f* north of the fortj-ninth ptiraliei and leads down to a lower sarface 
^njf b of the Fraz^rr KiTer, \mi :4till high abf>re the canyon of that .stream. On the 
wf^t^ li^mth rjf the fortr-ninth poralleL ar-cording^ to Smith, the plateau of the 
ripwarp extendi, at an elevation of 5.«>CX^ feet« ander Moant Baker, and thence 
dem^emk U9 tlie Sound level by a monoclinal flexure. A degree of latitude farther 
^lotith, northeast of Seattle^ it'^ wentem margin lie:* farther east. In the vicinity of 
Index, on the Oreat Northern, at the town of Snoqualmie. and along Green and 
White river?*, north rxf Mrnint Rainier, the de^-ent from the oKHintain :»ummits. 
at elevatirjtis rrf 6,^¥Kf U> 7,^l^)0 feet, to that of the gravel plateau of the Puget 
Hound Bonin i^ mo Hbni[)t m* to sugge^^t a fault ?^arp. There is no positive evidence 
of a fault as yet known, and the alternative hypothesis of glacial erosion has at least 
e^jual value at the present time. I^neath Mount Rainier and possibly to some 
diMtanr^e wi^t of that peak the upwarp maintain^ an altitude of 6.<m;n> to Tjn» 
feel, and it appears in this latitude, just south of the forty -seventh paralleU to attain 
an exfmnsion eomparable Uf that which it has along the forty-ninth parallel. 

TTie f^astem limit of the Cascade upwarp may in general be described as a slope 
which Htretchf5s in a direction south by west from the vicinity of Osoyoos Lake, on 
the forty-ninth [larallel, to Ellensburg, and thence southerly along the west side of 
Yakima Valley, a^'ross the Columbia, into Oregon. This general statement of the 
[K>sition of the siofM^ must, however, be qualified by the description of marginal 
flutings, whii^h exU'.nd nearly at right angles to the major uplift far out into the 
a<ljacent plateiiu on the east and give to the axial upwarp an extremely irregular 
form. 

TIh; area of the upwaq> thus described covers approximately 5 square degrees 
of the Murfa<;e north of Columbia River, equivalent to about 20,000 square miles. 
ItM further extent in C)i*egon has not been determined, but it is probable that it is 
equal to that in Washington. 

MAROIKAL FLKXrRRR. 

The eastern slope of the Cascade upwarp north of latitude 46^ 30' has been 
studied physiographically by G. O. Smith and the writer with suflScient care to 
determine several marginal flexures, whose axes trend, in general, northwest and 
southeast; that is, nearly at right angles to the broad major axis of the upwarp 
itself. A statement of these features, so far as they may be described by the writer 
follows, with a brief account of the evidence according to which each is recognized. 

Mfit/urw d(/iimwarp»—Methow River is one of the larger tributaries of the 
Columbia, which it enters about midway between the Okanogan and the Chelan, in 
latitude 48^\ longitude 120^. The general trend of the Methow Valley is south by 
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east. Its headwaters are near the forty-ninth pamllel, and are opposed to those of 
Pay say ten River, which flow northerly. On the east is the Okanogan Range, and 
on the west the Methow, l)oth of which are of great altitude. The elevation of the 
Methow above sea at its junction with the Colunabia is 750 feet; at the town of Methow 
it is 1,158 feet, and at Winthrop, 30 miles from Methow, along the stream, it is 1,765 
feet. Winthrop is situated at the principal forks of the river, and above this point 
the grade of the stream rises more rapidh'. The as|^ect of the valley at the present 
stream level varies, according to the rocks in which it is carved. A lower section, 
cut in schists, is narrow and can3'on-like; an upper section, comprising most of the 
stretch between Methow and Winthrop, is excavated in softer Mesozoic rocks, and 
the valley floor is wider. It has been occupied by a glacier, which has left extensive 
deposits, especially along the river channel. From those conditions of diversitv of 
rock structure and interaction of stream and ice work, it follows that the physio- 
graphic aspects of the valley are not simple, and that it presents a problem in 
sculpture which can be fully solved only by careful observation on the ground. 
That observation has not been had, and the inferences which follow are based upon 
distant views from the Methow Mountains, study of the Methow atlas sheet, and an 
interpretation consistent with that of phenomena of adjacent regions. 

Above the valley bottom of Methow River, between Methow and Winthrop, 
many hills rise to an altitude of about 4,000 feet above sea, and they are thought to 
represent a former level, which theoretically may be that of the Methow Valley 
bottom reached during the Entiat stage or may represent the older Methow 
peneplain. If the former be the case, the corresponding level of the Methow plain 
would lie at an altitude above 4,000 feet, an amount which may be deduced from 
the depth of the Columbia Valley at the close of the Entiat stage. The maximum 
determined for that valley is about 2,100 feet, as observed in the Entiat Mountains. 
There is no reason to suppose that the Methow has made any deeper excavation than 
the Columbia. Indeed, the inference would be rather the other way. Hence the 
position of the Methow peneplain in the Methow Valle}' is not far from 6,000 feet 
above sea, provided the general uniformity of hilltops at 4,000 feet represijnts the 
bottom of the Methow Valley in Entiat time. On the other hand, the 4,000-foot 
level may stand for the Methow plain, and, if so, it would coincide by gradual slope 
with the general altitude of that plain in the Columbia River Plateau to the southeast. 

Whether the level of the Methow peneplain in the Methow Valley be 6,000 or 
4,000 feet above sea, it is lower than that of the plain on the adjacent Okanogan and 
Methow mountains, its place in the former being probably not far from 8,000 feet, 
and in the latter not less than 8,500 feet above sea. Hence it seems reasonable to 
regard the Methow Valley as a downwarp resulting from deformation of the Methow 
plain. 
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•»|//|ie# Uf tbe prMitfOfj of tbe plain in tb^* Metbow Valley. On tbe «joatb tbe descent 
in innu an altitude of ^OPn^ feet t/> tbat of 'AJj^fi) feet. Tbe southern margin is 
i'j(m%\f\uiiU'.A by a mu/rh smaller feature, tbe depre^-itnon within wbieb Iie$ tbe lower 
en/l of l4ike (.lielan« and ¥4mth of wbicb ii4 tbe uplift forming the Cbelan Range. Tbe 
uf/warp of ( 'belan Mountain.** \n. in fa^-t. a ^pur of tbe Metbow upwarp« with wbicb 
it ill ivipniinuimi^ alon^r P'ourmile Uidge and arrroHH Lake Chelan at tbe Narrows, as 
Mbowfi in pr^ftile. 

The TfH'Mt* of thJM uplifU'd rnai^H. ho far slh they bare been obnen^ed by Russell 
and the writ4?r, connint of ancient ^bint, together with intruded granite, quartz- 
dioritif, and similar igneous nx;ks. They afford no structure significantly related to 
the present upwarf)^ uuU'mh it be verti^^ai jointing. The cleavage which they exhibit 
in probably of much more ancient date. Considered in detail, there are marked 
differencifH in Mtructure and ti*xture, which constitute elements of heterogeneity: but 
c^nmiilered in mass the whole is remarkably homogeneous. The northern and 
wi^stf^rn (Kirtions of the upwarp do, it is true, include areas of Mesozoic sedimentary 
rw^ks; ImjI they may be considered as incidental, rather. than characteristic, since 
they are (|uite su^Kirdinate in area and volume. 

The evidence of the Metbow upwaq> being thus limited to physiographic 
phenomena, it is found first in the altitude of the Metbow plain, whose position has 
already lHW!n deH<'rilHKl. By reference to the sections on PI. XIX, it will be seen 
that it is eNsentially flHt-top|)ed and (connected by gentle slopes with the position of 
the phiin on three Hid<»H. Further evidence is found in the effects of corrasion, 
esiMM'lally as exemplified in the canyons of Twisp and Chelan rivers, which are 
among the moHt profound and mont sharply cut of the entire Cascade Range. That 
of the Twisp heads near the junction of the Metbow uplift with the main Cascades, 
where the elevation of the flat surface is about 8,500 feet, and descends rapidl}'^ to its 
junction with the Metbow at 1,(J00 feet. The greater part of this descent of 7,000 
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feet is made in the first 10 miles, and the canyon thence to it« mouth is flat bottomed. 
It is clearly the product of retrogressive activity of the stream working headwards 
against the slope of the upraised mass west of Methow River. The upper course 
of the stream is along the axis of the uplift, and there is a sharp bend by which 
the river turns, as it were, down the slope toward the Methow. It is possible 
that this change of direction is significant of an episode of capture in the history 
of the Twisp, which may formerl}^ have flowed on in a continuous southeasterly 
course toward Libbey Creek; but no adequate study of the topogi*aphic forms 
has been made to determine that such was the fact. The development of the 
Chelan Canyon has already been described, and it has been shown that the relations 
between its several parts and to the old channels of Knapp and Navarre creeks are 
best explained as results of the opportunities for piracy which were provided by the 
growth of the Methow upwarp. The open valley of lower Lake Chelan is incon- 
, sistent in topographic phase with the great canyon above Twentyfive Mile Creek, 
and the inconsistenc}' is regarded as evidence of the vigorous elevation from which 
the youth of the latter section follows. The mature aspect of topogmphic forms 
about the lower section of Lake Chelan, and the beheaded character of 'Knapp and 
Navarre coulees, are facts which show that the Lower Chelan region was relatively 
depressed as the Methow upwarp rose. 

Chelan Butte xipioarp, — South of Lake Chelan, and between it and the westward- 
trending course of Columbia River, is the striking eminence of Chelan Butte, 
having an altitude of 3,892 feet. The summit of granite dikes and schist is consid- 
ered to be a monadnock, rising perhaps 400 feet above the Cascade plain. Thence 
westward extends a ridge having an elevation of 3,000 to 3,500 feet, which rises 
to the summit of Baldy Mountains, 6,i32 feet, and continues northwestward in the 
Chelan Mountains, of which the culminating summit is Stormy Mountain, 7,219 feet. 
The heights of Baldy, Stormy, and other acute peaks which are largely maintained 
by outcrops of quartz diorite, are believed also to represent monadnocks above the 
Methow plain, the altitude of which is somewhat above 6,000 feet. South of this 
elevated ridge the Methow plain is recognized in the Waterville plateau at an eleva- 
tion of 2,800 to 3,000 feet, that is at least 500 feet below its probable position on 
Chelan Butte, and is noted in Ribbon Mesa and in the hill rising to an altitude of 
3,757 feet at 3,000 to 3,500 feet, or about 3,000 feet below its position about Stormy 
and Baldy mountains. This difference in altitude of the Methow plain is taken as 
representing the slope from the axis of an upwarp which corresponds with the trend 
of the Chelan Mountains from Stormy east by south to Chelan Butte, and which 
divides the basin of the Lower Chelan from that of the Water\411e plateau. The 
peculiar physiographic relations of Knapp and Navarre coulees are interpreted as 
effects of this upwarp, across which the streams held their respective courses until 
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they had cut deep canyons, but by which they were ultinaately retarded until they 
were beheaded by the Little Chelan, a tributary of the Columbia north of the axis. 

Waterville dmonwarp. — ^The Methow plain is very clearly preserved in the 
Waterville plateau and Ribbon Mesa, the latter lying west of Columbia River at 
a general altitude of 2,800 to 3,000 feet. The Methow plain is lowest, so far as 
observed, where it is represented in two small mesas southeast of Waterville, at an 
elevation of 2,800 feet, and from this lea«t altitude it rises northward, westward, and 
southward as would the surface of a shallow spoon. This depression, which is 
recognized solely on the evidence of the deformed Methow plain, is an embay ment 
between the Chelan Butte upwarp and that of Badger Mountain, and, like the basin 
of lower Lake Chelan, is a minor crenulation of the margin of the Cascade upwarp. 

Badger ^fountain upUft, — Badger Mountain, east of the Columbia, has already 
been descril)ed as a broad, low^ elevation of the Columbia Plateau. West of the river 
its axial continuation is the Entiat Mountains, which, extending northwestward, 
lie between the headwaters of Entiat and Wenatchee rivers. This line of moun- 
tains, although divided b}^ the canyon of the Columbia, is a continuous zone of 
uplift, highest toward the northwest, and sinking southeastward into the level of the 
central plateau of Washington. Along this summit the Methow peneplain is recog- 
nized in Badger Mountain at an altitude slightly above 4,000 feet; in the eastern end 
of the Entiat Range at 4,800 to 5,000 feet; 10 miles farther northwest, about Cougar 
Mountain, at 6,000 feet; and near the headwaters of the Entiat at probably 6,500 
feet. These are maximum elevations, from which the plain slopes away to the north- 
east down to the Waterville plateau and Ribbon Mesa, already described, and to the 
southwest into the valley of the Wenatchee. Adjacent to the Wenatchee Canyon its 
probable altitude is not far from 4,000 feet. On the evidence of the relative altitudes 
of the old plain, the Badger-Entiat axis is recognized as a zone of local uplift. This 
inference is sustained by an examination of the canyon of the Columbia, and its relation 
to the Columbia Valley of the Entiat cycle, as appears from a comparison of the depth 
of the canyon abreast of Badger Mountain with that below Chelan Butte, and the rela- 
tive altitudes of the old valley floor iti the corresponding positions. The fall of the 
Columbia at the present time from Chelan Butte to Wenatchee, a distance of 25 miles, 
is about 15 feet, and may therefore be left out of consideration, the river being taken 
as a level datum. The depth of the canyon below the older valley at Chelan Butte 
is 800 feet, and abreast of Badger Mountain is 2,000 feet; that is to say, the old val- 
ley floor is 1,200 feet higher above the practically level river bed 25 miles farther 
downstream. As the river can not be supposed to have flowed up this slope, it is 
evident that the valley floor has been raised 1,200 feet more at the Badger Mountain 
axis than it has south of Chelan Butte. This relation demonstrates the ability of the 
antecedent Columbia River to maintain its course across the rising uplift. 
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Wenatchee dmonwarp and itpwarp, — The Wenatchee Valley, like the Methow, is 
floored in pai-t by sedimentary rocks which are more easil}' eroded than the schist 
and granite and basalt of adjacent districts; and as it has been deeply eroded by 
both ice and water, its physiographic features are complex. It is inferred that it 
corresponds to a downwarp having the form defined by the contours, and that it is 
limited on the southwest by the Wenatchee upwarp. The broad, evenly sloping 
surface of the latter is thought to represent verv closely the Methow plain. 

EPISODES OF DEFORMATION. 
PRE-TERTIARY DEFORMATION. 

The latest eiffects of deformation, those which have been described and which 
are of late Tertiary and post-Tertiary date, are but the most recent of a number of 
movements whose history within the Cascade province no doubt goes back to the 
earliest geologic events that can Jthere be recognized. It would not fall within the 
scope of this article to discuss pre-Tertiary movements, even were adequate data 
available, but it is desirable to point out that each of the major downwarps of 
post-Tertiary time corresponds in position with a s^'nclinorium in which pre-Tertiary 
sediments were deposited. Cretaceous strata occur in the Methow downwarp, and 
Eocene deposits are extensively developed in the Wenatchee and Yakima down- 
warps, whereas on the intervening upwarps the rocks are very much older. With 
regard to the Cretaceous, we can not say that the limits of geographic distribution of 
the sediments correspond with the depression which developed later. Indeed, the 
Cretaceous rocks extend across the northern part of the Cascade upwarp, where they 
occur upturned to dips of 90 degrees. The basins of Ek)cene strata, on the other 
hand, were of local character, and apparently do correspond somewhat closely to 
the respective downwarps in which they are found; but this is not true, as pointed 
out by G. O. Smith, in regard to the Miocene of the Yakima Valley. Rocks of 
Miocene, Eocene, Cretaceous, and earlier ages had sujffered compressive stress and 
been folded during more than one epoch of deformation before the beginning of 
that late Tertiary topographic cycle during which the Methow peneplain developed. 

From these facets it is apparent that the post-Tertiary deformation was not a 
peculiar effect initiated in a region previously little disturbed, but was merely the 
successor of other effects to which it may be genetically related, in so far as a common 
cause may have acted in this province from an early geologic date. 

This is an expression of a fact which is of general occurrence so far as the 
writer's observation goes, namely, that a region of orogenic movement has commonly 
been the scene of repeated mountain growths widely separated in time. The reverse 
(that there are extensive provinces in which mountainous elevations have not devel- 
oped) is also true, and the facts thus point to persistence, intermittence, and localiza- 
tion of the causes of orogeny. 
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TERTIARY AND POST-TERTIARY DEFORMATION. 

All that follows relates to deformation which is later in time of occurrence than 
the planation of the Methow peneplain. The effects as a whole might Ije summed 
up ill the phrase the growth of the Cascade Range. The general effect is the uplift 
of the mass from which the Cascade Mountains are carved, and the details have l>een 
described in preceding paragraphs. 

Through a study of the physiography^ and particularly of the Columbia River 
Valley above Wenatchee, two episodes of deformation have been distinguished, the 
first being that which occasioned the Entiat cycle of physiographic development, the 
second that which gave rise to the Twisp cycle. Referring to the table of physio- 
gmphic development, it will be seen that these may both be considered pre-Glacial — 
that is, pre-Pleistocene — if the glacial conditions of the Cascade Range be found to 
have been restricted to a single episode; or the Entiat and Twisp cycles may both 
fall within the Pleistocene if two or more glacial episodes should be recognized. 
The writer inclines to the belief that the latter interpretation is correct, the reasons 
being that the condition of planation reached during the Methow cycle was probably 
such as to require most of Pliocene time for its development, and, f uilher, that there 
is distinct evidence in the drift deposits of Puget Sound of two well-separated 
glacial invasions. Thus it seems probable that both episodes of growth of the 
Cascade Range fall within the Pleistocene division of the Quaternary. 

It has been pointed out by G. O. Smith that effects of upwarping and down- 
warping, which in the Yakima Valley may be regarded as effects of Twisp date, 
correspond to anticlines and synclines that developed before the Methow plain 
reached its last phase. Smith does not in his area recognize the Entiat stage, and 
no comparison of effects of that stage with others is made by him. In the region 
north of the Wenatchee, however, it seems probable that upwarps and downwarps 
which were modemtely developed during the Entiat cycle were greatly accentuated 
during the Twisp cycle, and that there was practical coincidence of the axes of 
elevation and depression during the two different episodes. Thus the Columbia 
Valley across the Entiat-Badger Mountain upwarp is deeper for each of the two 
cycles than the corresponding valley south of Chelan Butte, and it follows from this 
fact that the axis of upwarping was well marked in the earlier as well as in the later 
stage of defonnation. Man}^ of the facts of physiographic development which have 
already been adequately discussed point in the same direction. 

CAUSES OF DEFORMATION. 
DIRECTION OF STRESS. 

Granting that theoretically stress may be exerted in the earth's crust from any 
direction, it is convenient to discuss effects of stress as due to vertical or horizontal 
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components, which are thus taken as being those forces that have given rise to 
deformation; and in what follows there is a tacit assumption that we have to deal in 
this particular case with effects either of vertical stress or of horizontal stress, one 
or the other lind not both. 

Vertical stresses appear at first sight more probably to have been the effective 
causes of vertical uplift than horizontal ^stresses, and the imagination appeals to the 
intrusion of deep-seated batholiths of granite beneath the elevated mass of the 
Cascade Range. In doing so it can point to pre-Ek)cene and Miocene intrusions of 
granite within the area; it may emphasize the fact that the principal monadnocks 
above the Methow plain are of granite Mount Stuart being the most striking and 
important example, and from the 'occurrence of granite within the areas of upwarps 
it may argue a coincidence of intrusion with uplift. The last-named point is, how- 
ever, in a measure invalidated by the fact that the occurrence of granite beneath the 
later sediments which lie in the downwarps can neither be affirmed nor denied. 
Against the hypothesis that the deformation of the Cascade Range is due to veitical 
stress, and possibly to batholithic intrusion, are the generally observed facts that the 
rocks everywhere exhibit phenomena of jointing and flexure due to compression 
and that folds in the bedded basalts of the Yakima Valley are even overturned. 

Turning to consider the effects of tangential or horizontal compressive stress, it 
is desirable to distinguish two classes of effects, one of which may be known as com- 
petent structure, the other as incompetent structure, involving shear or flow. Com- 
petent structure is exhibited in an elevation of stratified rocks such as is commonly 
described by the term anticline. It is developed under conditions that direct the 
effective component of the stress in the direction of bedding. At any point of change 
of dip the stress is resolved into two components, one of which continues in the far- 
ther direction of bedding, and the other acts radially to elevate the stratum with the 
load resting upon it. The requirements of development of the structure are those 
of an arch capable of supporting the superincumbent load, and the proportions of the 
structure are limited accordingly. From these considerations it follows that anti- 
clines raised under the law of competent structure are relatively narrow. '' 

The horizontal extent of the Cascade uplift is so great as compared with its 
height that if regarded as an arched structure it is exceedingly flat. Its width varies 
from forty to sixt}^ times its height; and it is clear that no section of a body of rocks 
thus extending over two or three scores of miles can be looked upon as self-sustain- 
ing. It follows that the elevation of the range as a competent structure can not be 
considered. 

The development of incompetent structure by compression results in shortening 
the mass in one direction, or in two directions; with corresponding elongation of the 

a Willii), Mechanics of Appalachian structure: Thirteenth Ann. Kept. U. 8. Geol. 8un*ey, pt. 2; Van Hise, IMncIples 
of pre-Cambrlan goologry: Sixteenth Ann. Rept. U. 8. Geol. Survey, pt. 1, 
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other dimensionH, or of the third dimension. The change of volume, if there he any, 
is assumed to be negligible; that is, in considering this type of deformation the vol- 
ume is taken to be constant. The strain may be that which is described by Becker 
as a simple shear,** or that which Van Hise denotes b}' the term pure shortening.* 
The distinction lies in the internal structures developed within the mass, the change 
of form as a whole being the same in either case. 

It has been shown by Becker, through mathematical analysis/ that dividing 
planes develop through simple shear in elastic brittle masses at angles approaching 
45 degrees to the direction of stress, and this theoretical conclusion has been abun- 
dantly substantiated through experiment. On the other hand. Van Hise and Hoskins 
have shown that in case a rock mass has }>een made to flow in a direction of least 
resistance, cleavage planes are developed in a normal attitude to the direction of 
stress. The structural change is apparently one involving minute movements upon 
many parallel planes, accompanied by the rotation of already existing mineral 
particles and the development of new minerals whose longest axes are parallel to the 
direction of flow. This structure develops only in the zone of flow and gives rise to 
*'flow cleavage.'' Shear, as described by Becker, may occur in any rigid mass, in 
the zone of flow or in that of fracture; in the zone of flow it does not correspond 
with flow cleavage; in the zone of fracture it may give rise to independent ''fracture 
cleavage" or jointing. 

The structural phenomena of the Cascade Range are illustrated in the two views 
of PL XX, which were both taken within a mile of Cascade Pass at the head of the 
Stehekin. In A the cliff rising above the lake exhibits near the center of the view a 
number of inclined joint planes, which are suflSciently well marked to have determined 
the courses of the rivulets descending from the slope above. No exact observations 
of the dips of these planes are available, but they appear to lie at such an angle to the 
horizontal as possibly to come within the limits assignable to the attitude of shearing 
planes or fracture planes. They may be hypothetically regarded as effects of shear 
developed in the zone of fracture through a horizontal compressive stress. In 
PL XX, 5, a nearly vertical cleavage structure is clearly exhibited in the details of 
topographic forms. It is that structure which if dominant in the heart of the Cascade 
uplift, and so far as macroscopic examination shows it has the characteristics assigned 
by Van HiseHo cleavage developed in the deep zone of flow. The inference which 
may, with some assurance, be drawn from its widespread occurrence is that the mass 
of the Cascades was deformed while that portion now exposed in the highest peaks 
wai§ still ver^^ deeply buried.^ 

a Finite homogeneous strain, flow, and rupture of rocks: Bull. Geol. 8oc. America, vol. 4, j>. 22. 
(> Principles of North American pre-Cambrian geology: Sixteenth Ann. Kept. U. S. Geol. Survey, pt. 1, p. 686. 
(^Ibid., p. dOetseq. 

dFor related observations see Spurr, J. E., Ore deposits of Monte Cristo, Washington: Twenty-second Ann. Kept. V. S. 
Geol. Survey, pt. 2, pp. 801-802. 
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Flow cleavage and fracture cleavage structure have a common origin in com- 
pressive stress. The observed structures in the Cascade Range occur generally 
throughout the mountains, and can not be separated according to locality. They 
may perhaps be distinguished by date. If it should be found that the fracture 
cleavage developed in the zone of flow cleavage, the two may be assigned to a com- 
mon episode of deformation, the date of which nmst be set so far back that the 
cleaved rocks were exposed through erosion before the development of the Methow 
plain; that is to say, to a pre-Pliocene date. On the other hand, it may be that the 
fracture cleavage or jointing was predominantly developed in the zone of fracture, 
and must be assigned to a date at which the rocks that it now traverses were nearer 
the surface than they had been when the flow cleavages were formed. In this case 
the relation of the inclined jointing to the pre-Pliocene cleavage may be such that 
the shearing can be attributed to that compressive stress which is thought to have 
caused the elevation of the Cascade mass as it is now obser\'ed. This is the conclu- 
sion reached by Spurr.^' 

DIMENSIONS OF THE CASCADE BIX)CK. 

The speculations of the preceding paragraph in regard to the depth at which the 
structures may have developed naturally lead to consideration of a problem which 
may be stated thus: What may have been the depth of the prism which in conse- 
quence of compression horizontally was so elongated vertically as to produce the Cas- 
cade uplift. There are many qualifying factoi's, the data for which are incomplete 
or wanting; numerical results, therefore, can at best indicate only an order of magni- 
tude, 3'et nevertheless there may be profit in stating the conditions of solution. 

Stripped to its purely mathematical form the problem is: Given a prism, sup- 
ported in isostatic equilibrium and subjected to strains in consequence of which its 
width, length, and height are changed, but without change of volume; and given the 
width before and after strain, the ratio of lengths before and after strain, and the 
amount of vertical elongation, to calculate the original height. 

Through the courtesy of Mr. George F. Becker the following mathematical 
analysis is given: 

UPLIFT BY HORIZONTAL COMPRESSION. 

The original dimensions of a block are x, y, z, where y is vertical. 
As a result of strain the dimensions become x', y', z', and the volume remains 
constant. 

Let x' = trx and j'^fiz. then v' = — -o« 



» Twenty-second Ann. Kept. U. 8. Geol. Survey, pt. 2, p. 802. 
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C. If the strain is the same in the directions y and z, 
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To apply this general formula to the special case of the Cascade uplift we may 
approximate to x, the original width, on the warped surface of the peneplain: may 

measure x', the present width, as. the distance 
from the western to the eastern base of the 
uplift at sea level; and may determine the 
amount of vertical elongation as the mean 
elevation of the warped surface above sea 
level. 

The complete form of the upwarped sur- 
face not having been worked out, it appears 
best to express, between rather wide limits, 
the relations of the width x l>efore strain to 
the present width x'. According to an estimate based on measurements of the 
warped surface from Columbia River over the Methow Mountains, the width on 
the warped surface must exceed that on the sea-level line by more than one- 
tenth of a mile in a hundred miles, and this may be taken as the least possible 
ratio of X to x'. Whereas, on the other hand, this ratio probably does not exceed 
2 miles in 100, since the width on the warped surface is an arc A C B and is 
considerably shorter than the distance A D E B, which, if the mean height Ije H 
miles, is 3 miles. The altitude of the Cascade upwarp being about 8,500 feet over a 
large area, a mean height of 1^ miles is probably a reasonable estimate. In latitude 
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47^ 30' the present width of the uplift on a sea-level line is close to 100 miles. 
Thus, to obtain a preliminary approximation to the possible limits of the depth of 
the strained mass we may introduce into the equations: x=100.1 and 102; x'=100; 
b=1.5, all values being miles. 

Table of estimated depths of strained mass of the Cascade uplift, calculated and arranged to show the probable 
limits according to the three equations^ which express different conditions of strain. 

Values of y' in miles. 



y' = b 
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x=100. 1 

1,500 



=102 
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•( x=100.1 
750 
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x=100.1 


x=102 


15,000 


150 
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The results under C may be discarded, since the equation y' = .. _ y^ is based on 

the assumption that the elongation is the same in the directions of y and z; but z is a 
horizontal dimension at right angles to x, and the observed facts of deformation show 
not only that there has not been elongation of z; on the contrary, there has been 
shortening. The shortening in the direction of z is less than that in the direction 
of X, however, and therefore equation B does not exactly apply; but the strain is 

expressed by the general equation y'=fir^Pg' i" which B is less than or and greater 

than 1. If all the assumptions be valid, and if they cover the conditions of strain, 
the depth of the strained mass should lie between the extremes of B and A — that is, 
it should be more than 37.5 miles and less than 1,500 miles. 



Fio. 3.— Diagrammatic uection of a deformed mass. 

If these limits appear to be so far apart as to leave the estimate little value, the 
writer would point out that the least depth indicated carries the base of the prism 
down into the zone of rock flow, below that supei'ficial film in which the strength of 
rocks, as we know it, is a factor in transmitting stresses suflicient to cause orogenic 
movement. The inference is that a cause of the Cascade uplift (and presumably of 
related quaquaversals) is to be found in compressive stress acting on materials l>elow 
the outer crust; the superficial movements, both vertical and horizontal, may then 
be incidental results of deep-seated strains. 
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A RECONNAISSANCE IN NORTHERN ALASKA IN 1901. 



By F. C. SCHRADER. 



INTRODUCTION. 

Since 1898 the United States Geological Survey has been carrying on systematic 
topogi'aphic and geologic surveys in Alaska under an appropriation made for the 
investigation of the mineral resources of the Territory. This work has included not 
only areal surveys of regions already being developed by the miner and prospector, 
but also explorations and investigations of regions that are little known or entirely 
unexplored. As a result of these explorations a network of reconnaissance traverses 
has been extended over a lar^e part of Alaska, where route surveys of this character 
must necessarily precede more detailed topographic and geologic mapping. They 
serve to outline the main geographic features of the country and afford the pioneer 
or prospector a guide for his journeys as well as help him to select his field of 
operations. The present report and maps are the results of such an investigation. 

Previous to 1901 but two journeys^ which yielded any geographic results had 
been made across northern Alaska by white men. The first of these was made by 
Lieutenant Howard, U. S. Navy, in 1886, and extended from Eowak River to Point 
Barrow, while the second, made by J. H. Turner, in 1890, followed the one hundred 
and forty-first meridian from the Porcupine. The conditions under which these 
journeys were carried on precluded instrumental work. The present survey must 
therefore be considered the first made with precise instruments from the Yukon to 
the north coast of Alaska. In connection with the traverses made of Chandlar and 
Koyukuk rivers by Mr. T. G. Gerdine, and of Dall, Alatna, and Eowak rivers by 
Mr. D. L. Reaburn, both of the Geological Survey, it outlines some of the most 
important of the physical features and drainage channels of northern Alaska. 

The exploration on which the following report is based was made by the writer 
during the season of 1901, while attached as geologist to a party in charge of W. J. 
Peters, topographer. The other members of the party were Gaston Philip, topo- 
graphic assistant; Thomas M. Hunt, George H. Hartman, Charles H. Stuver, Ben 

a For references and details see pp. 29 and 88 of this report 
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12 RECONNAISSANCK IN NORTHERN ALASKA IN 1901. 

Bennett, and Joe Edge, camp hands, all of whom rendered untiring and efficient 
service and manifested genuine interest in the expedition. Sections prepared by 
Mr. Peters are credited to him in the proper places. 

As early as 1896 the Survey considered projects for reaching this unexplored 
field in northern Alaska, but owing to the remoteness of the region and the difficul- 
ties of transportation, no plans could be devised which did not involve the wintering 
of a party in this arctic country at great cost and much loss of valuable time. The 
first plans submitted were by Mr. J. E. Spurr, who proposed a traverse from 
the lower Koyukuk to Point Barrow, essentially along the route followed by 
Howard. The probable existence of a passable route 200 miles east of the above, 
between the upper Koyukuk and the Arctic slope, was not learned until 1899. The 
transportation difficulty, however, became less formidable when the discovery of 
gold on the Koyukuk, in the widespread search which attended the Klondike excite- 
ment of 1897 and 1898, led to the location of a trading post at Bergman, on Koyukuk 
River, near the Arctic Circle, nearly 500 miles above its mouth, and subsequently to 
annual visits to this post by the steamboats of a reliable company. 

In the light of this later information, gained by a visit to the upper Koyukuk in 
1899, the plans of the present expedition were formulated by the writer and sub- 
mitted to the Director of the Survey, who approved them, and preparations were 
accordingly begun in the spring of 1900. The writer being otherwise engaged, the 
task of purchasing and assembling at San Francisco the necessary outfit, including 
four months' provisions for eight men, fell to Mr. Alfred H. -Brooks, who was aided 
by Mr. R. B. Marshall. 

The outfit, including canoes and supplies, was shipped from San Francisco 
through the Alaska Commercial Company early in the spring of 1900 and stored at 
the Bergman post until called for by the Survey party in 1901. From this base it 
was planned to carry the work northward across the Rocky Mountains of northern 
Alaska to the Arctic coast, and to conduct a parallel return traverse, from some other 
point on the coast than that at which it was reached, southward into the Koyukuk 
Basin, if conditions should permit. In case the return trip to the Koyukuk should 
be found impracticable the party was to proceed northwestward along the coast and 
seek relief at Point Barrow, where it was hoped it might be picked up by a return- 
ing revenue cutter or arctic whaler. In the event, however, that no such vessel 
appeared (as proved to be the case), it was proposed to at once continue south- 
westward along the coast in native skin boats or by dog sleds, as conditions might 
permit, until some chance vessel along the coast or some mining camp in the Nome 
region should be reached. 

As this northern region was practically unsurveyed and much of it was entirel}^ 
unexplored, it was planned to make an instrumental survey along the route of 
travel, which was to traverse the Rocky Mountains stretching across northern 
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Alaska, as already noted. It was believed that by this means, even though the 
actual sui-vey was of a reconnaissance character and embraced only a narrow 
strip, the general physiographic features of the region would be determined and 
important contributions would be made to geographic and geologic knowledge. It 
was planned to carry on the work in as much detail as the adverse conditions 
would permit. It was believed by the writer that the metamorphic rocks of 
Paleozoic age or older, which are the source of the placer gold in the Koy ukuk 
Basin, extended to the west, and probably formed important members of the forma- 
tions which make up the Rocky Mountains, and hence valuable economic results 
of the investigations were to be expected. In short, the expedition was planned to 
collect information of all kinds relating to the geography, geology, and resources 
of the region; and data bearing on the preparation of the proposed general map ** 
of Alaska for public use were particularly desired. 

Owing to the shortness of the Arctic summer it was important that progress 
should be as mpid as possible, regardless of the character of the weather, and as 
much of the energy of the party was expended in contending against the swift 
currents of John and Anaktuvuk rivers, the accompanying report is necessarily 
incomplete. For want of opportunity to make more extended observations many 
important problems had to be left unsolved. This is especially true with reference 
to the structural relations of the Paleozoic rocks in the northern part of the range, 
and to the relation of these Paleozoics to the Mesozoic rocks forming the Anaktu- 
vuk Plateau or "Great Plains" on the north. The time devoted to actual field 
work in carrying the line from Bergman, on the Arctic Circle, to Pitt Point, on 
the Arctic coast, a distance of 513 miles, was sixty -five days. 

For courtesies, information, and material assistance rendered on our long winter 
trip necessary to reach the field of work, thanks are due the Canadian Development 
Company and other leading trading and transportation companies, as well as 
numerous individuals at various points along the route of travel down the 
Yukon, and to the United States army officers at Eagle. In the Koyukuk region 
the ever hospitable hand of the prospector and miner was generously extended. 
Special thanks are due, also, to the Alaska Commercial Company for the excellent 
condition in which our supplies were delivered and wintered at Bergman, and to 
Mr. Gordon C. Bettles, Pickarts Brothers, and other pioneers, for valuable informa- 
tion concerning the people, geography, routes, trails, resources, and conditions of 
the country. 

On the Arctic coast, where the larder and foot gear of the party had become 
reduced to inadequacy, the generosity of the Eskimos, manifested in their gifts of 
fresh fish, the loan of their mukluks, the use of their skin toats for transportation, 
and their aid as guides to Point Barrow, was of material value and too greatl}" 

a Topographic map of Alaska, compiled by the U. S. Oeol. Survey, 1902. 
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appreciated to pass without notice. Thanks are also due to Mr. Charles Brauer and 
others for hospitality and courtesies received at Cape Smyth, and to Captain Ericson 
for transportation on the steamship Arctic from the Corwin coal mines, near Cape 
Lisburne, to Nome. 

The determinations of the fossils collected on the trip and referred to in this 
report were made by Drs. Lester F. Ward, W. H. Dall, T. W. Stanton, George H. 
Girty, Mr. Charles Schuchert, and Prof. William M. Fontaine, each dealing with the 
fossils from the horizons of which he has special knowledge. The coal analyses and 
mineral tests were made by Messrs. George Steiger and H. N. Stokes in the chemical 
laboratory of the Survey, and the assays for gold and silver by E. E. Burlingame 
& Co., of Denver, Colo. Fig. 1 (p. 40) and other information bearing on the Cape 
Lisburne region have been generously contributed by Mr. A. G. Maddren. 

METHOB8 OF WORK. 

Dog sledding. — As the success of the work required the surveyors to reach 
the field before the break-up of winter, and Point Barrow by September 1, the 
party set out from Skagway early in February, and, after proceeding over the Coast 
Range by the White Pass Railway, traveled by dog sled from White Horse 1,200 miles 
down the Yukon to Bergman, which was reached April 10. Traveling by this means 
is known, in the language of the country, as "mushing," and the traveler is called a 
"musher." The "musher" does not ride on the sled, which is used only for carry- 
ing the absolutely necessary supplies and luggage, but follows the sled afoot and 
urges the dogs forward, or runs ahead on snowshoes to break a trail where none 
exists, or where, as frequently happens, it has been drifted over. To keep trail 
breaking and friction in travel at a minimum the dogs are all hitched tandem, from 
five to nine in a team. The Survey party used four teams, or about forty dogs in all. 
Their feed, which is given once a day, usually at night, consists of some cereal, rice, 
meal, or flour, cooked with meat, fish, or grease. Rice and bacon, flavored with a 
little dried salmon, is best. It is affirmed by experienced and reliable prospectors 
throughout Alaska that on arduous prospecting trips, where a man is dependent for 
sustenance on the food supply packed on his own back, he, too, can go farther and 
accomplish a greater amount of hard work on rice and bacon than on any other ration. 

At the present day two classes of dogs are used for sledding in Alaska — the 
"inside" or native, consisting of Siwash and Malemut, and the "outside," consisting 
of various breeds of imported dogs, principally from the United States. The outside 
dog excels in intelligence and is usually desirable for a leader, but the native dog is 
best for all-round service and for long, hard trips, as he requires less food and care, 
and having a dense pelt, much like that of the wolf, is less affected by the severity of 
the climate, hardship, and exposure. He is also less liable to become footsore on a 
trail of rough ice and freezing slush. 
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In *' mushing," the best progress is made in relatively cool weather, at a tem- 
perature 10^ or 12^ below zero. As the atmosphere warms under the midday sun, 
the dogs, especially the natives, pant and become tired or lazy, and can not be 
urged. On a long trip, under reasonable conditions, 26 miles is a good average 
day's drive. In one instance, where the trail was good, 46 miles were covered 
by the Survey party in a single day. The mail carriers on the lower Yukon are 
known in exceptional instances to have made as high as 60 miles, the record for 
the Yukon country. 

Camping. — During the last two years, sled journeys on the upper Yukon have 
been rendered less arduous by the so-called road houses, which are located at points 
a fair day's drive apart, and which consist usually of a log cabin and a dog kennel. 
Though the accommodations are of the crudest order, these places facilitate progress 
by affording the weary traveler much-needed shelter and rest, and by lessening the 
amount of outfit and supplies he is compelled to transport on a long journey. The 
rates charged by these road houses average about $1.50 a meal. 

Where there are no road houses, as was the case beyond Fort Yukon, the traveler 
at the end of the day's drive selects his camp spot for the night, and, unless provided 
with tent and stove, digs a hole through three or four feet of snow to the 
ground for a fireplace. As a shovel is rarely carried, the snow is scooped out with 
an axe and snowshoes. In sleeping on the snow and ice, spruce boughs, where 
available, form a desirable mattress. A light-weight tent, provided with broad 
bottom flaps and a closable entrance, besides affording protection from storm and 
cold, is useful in keeping the dogs from lying on one's bedding or person, as they are 
wont to do on a cold night. A light-weight sheet-iron stove, suited for cooking 
inside the tent, is very desirable, but not indispensable, as an outdoor fire is usually 
required to cook the dog feed. 

Chronologic summary of operations. — After doing some triangulation and topo- 
graphic work in the Koyukuk Valley, principally between the Arctic Grcle and the 
sixty-seventh parallel, the party waited at Bergman for the disappearance of the 
snow and ice — the ''break-up," as it is called; for the sheet of soft snow or slush, 
several feet in thickness, which everywhere overspreads the country during the thaw 
period of spring renders travel of every kind at that time impossible. Owing to the 
heavy snowfall of the previous winter and the lateness of the spring, the break-up 
period of 1901 was of unusual length, extending from the middle of May to June 6, 
about twenty-five days. During this time some astronomic observations and other 
investigations of a local nature were made. 

Except its arching feature, the breaking up of the ice on the Koyukuk, as 
observed by the writer at Bergman, differed but little from that seen on most 
of the large rivers in northern United States. As the stream beneath the ice 
became swollen and distended its ever-increasing hydrostatic pressure gradually 
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\HilgfA or milled the fonuerly level ice floor along the middle part of the rirer 
iuUj a low arch, wfar^^e ctowd, by May 2f*J, eftood aboat 5 feet abore its edge^^ 
or pedal extremities. vrbi<:b were f»tili frozen fa»t to the shores. In the mean- 
tiiiie the exoe»w» water, ineresAed by l^urface drainage due to thaw« unable to find 
paiMttge lieneath the ice. formed broad overflow streams, several feet in depth, 
courf^ing on the .surfa^^e of the ice that formed the limbis of the aitrh on either 
Hide ^ietween the crown and the t^bore. The«!ie conditions increased until the 2$Hh« 
when, at 2M^} p. m.. the ice, now visible in the middle of the river only along 
the crown of the arch, broke or parted transversely and almost bodily moved 
one^igbtb of a mile downstream* when it was stopped by a jam: but at 6.3<> it again 
started and moved about a mile. Soon after this, with increased rise of the river, 
a general breaking up of the ice took place^ and it continued to run more or less 
steadily until June % when the river cleared of it and became navigable. So far 
as observf^, the ice rarely exceeded 2i feet in thickness, this comparative thin- 
ness being proliably due to the protecting heav}' mantle of snow. Permanent ice 
usually forms on the river by Octol>er 10. 

Stoney^ lias descrilicd a break-up witnessed by him at Fort Cosmos^ on 
Kowak Kiver, which was probably in most respects similar to that on the Koyu- 
kuk just diiscril>ed. In Stoney's description occurs the statement that ^*'the ice 
suddenly (became overod with water, increasing in depth on both sides of the river 
and de<;reasing toward the middle.^ An no reason appears to be assigned for the 
otherwise i>eculiar increase of water at the sides and its decrease toward the middle, 
the writer infers that this phenomenon was due to the ice-arch feature, which 
seems not to have l>een recognized by the observer at the time. 

The arching feature of the ice, which seems to be characteristic in the breaking 
up of Arctic rivers and does not attend those in temperate zones — granting a rise 
in the water at the head of the rivers in both zones — is ascribed by the writer 
primarily Ut the presence of permanent subterranean frost, in whose icy grasp 
the edges and lateral portions of the ice become so firmly welded and held to the 
frozen earth along shore and the shallow riparian portions of the river bed that 
it is not released until thawed from the surface downward by almost midsummer 
suns. In temperate climates, on the contrary, where perennial underground frost 
does not exist, the longshore ice is the first to give way, and is often replaced 
by open- water leeways due to the wanning and thawing influence of the under- 
ground temperature soon after the climax of winter is past. 

After the break-up the party proceeded by river steamboat 80 miles up the Koyu- 
kuk to Bettles, a new supply post near the sixty-seventh parallel. From this point, 
commencing June 13, after doing a day's work on Lookout Mountain, the work 
was continued northward 125 miles, with Peterborough canoes, up a large tributary 

aStoney, Lieut. George M., Naval Ezploratioiu In Alaitka, U. 8. Naval Inftltute, Annapolia, Md., 1900, p. 52. 



SUMMARY OF OPERATIONS. 17 

of the Koyukuk, John River,'' to its headwaters, thence by a 5-niile portage via 
Anaktuvuk Pass through the mountains to the upper waters of Anaktuvuk River, 
the large east fork of the Colville, which flows northward to the Arctic coast. 
These rivers were descended by canoe and the coast was reached August 16. The 
ice on the Colville is reported to have broken up July 16. 

After mapping a considei*able portion of the Colville delta, the work was con- 
tinued by canoe 100 miles northwestward along the coast to Smith Bay. Here, 
owing to the lateness of the season, the stormy weather, and heavy surf incident 
thereto, the plane-table work was dropped and the journey was continued with 
Eskimos, who, traveling in walrus-skin boats of native make, were encountered on 
the journey to Point Barrow, These skin boats were found to be more seaworthy 
and to sail better than our Peterborough canoes. 

September 3 Point Barrow was reached, where it was hoped that passage to the 
States might be procured on a vessel of the United States Revenue-Marine Service 
or some whaler; but when it was learned that all such vessels had gone, and that the 
ice on the ocean was expected to close within a week (September 10 being the 
usual date), supplies and an open whaleboat were hastily procured and the party 
proceeded southwestward along the coast, hoping to make connection with a whaler 
several hundred miles farther south, at Point Hope, where one was expected to touch 
to leave her native crew. By exceptional good fortune, however, on September 18, 
at the Corwin coal fields, 80 miles above Point Hope, the steamer Arctic was met, 
which carried the party to Nome, where it landed on September 26. From here 
passage to Seattle was readily obtained on one of the numerous Alaskan steamers. 

Methods of scientific work, — As the Koyukuk did not break up until June, and 
the expedition, to be successful, was obliged to reach Point Barrow early in Sep- 
tember, the season of work was necessarily limited to a period of less than three 
months, during which 600 miles had to be traveled. Since it was impossible to make 
more than from 3 to 7 miles a day up the swift waters of John River — and to accom- 
plish even this required the united efforts of the entire party — it became necessary 
to make almost daily advances, and therefore many mountains could not be climbed 
that might have afforded more extensive opportunity for observation. 

The topographic work was carried on by a combination of the plane table, 
triangulation, and tachometry, of which an account is given by Mr. Peters on pages 
24-25. An independent traverse was carried on by the geologist by means of compass 
and aneroid to serve as an immediate base for locations in the geologic notes. In this 
traverse the distances were paced or estimated, and the work was daily connected 
with the more accurate surveys of the topographer, while from the topographic 
stations and other established points panoramic photographs with recorded bearings 

a Named for John Bremner, pioneer prospector and explorer, who was killed and robbed by a natlTe in the Koynknk 
region in 1888. Its native name is Alchichna, meaning vnnd river, so named on account of the fierce wintry blasto that 
sweep doMm it from the Arctic side of the divide, through Anaktuvuk Pass. See also note on p. 58. 
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were usually taken to nhow the charac'ter and relations of surrounding rock masses 
and to supplement topographic sketches. 

So far as possible the geologic section was continuously examined, and, where 
conditions permitted, detailed sketches and diagrammatic notes were made of 
contacts, structures, mineral zones, and other important features. 

ITENBRAKT AKD TOPOGRAPHIC METHOIXS. 

By W. J. Pbtkbs. 

Following is an extract from the letter of instructions from the Director of the 
Survey: 

PLAN OF OPERATIONS. 

*'The object of the expedition under your charge is to execute a reconnaissance 
survey from Bergman to the Arctic Ocean. The advance will be made by ascending 
some tributary of the Eoyukuk to the divide against which head streams flowing 
northward to the Arctic Ocean, and thence down such a stream to the Arctic. The 
return trip will be preferably overland over a route east of that traversed in reaching 
the Arctic, so as to obtain as much information relating to the interior as possible. 
If the main branch of the Colville is not descended, however, in going northward, it 
will probably be advantageous to return along its course. If time or other circum- 
stances do not permit of the overland return, the most practicable alternative route 
will probably be along the shore via Point Barrow, until the party may be picked up 
by a vessel of the Revenue-Cutter Service or a steam whaler cruising in the Arctic. 
If relief should not be obtained from the above sources, the journey should be con- 
tinued southward until a vessel becomes available or the mining camps are reached. 

"As the territory to be traversed is so entirely unknown, you are especially 
instructed to secure all topographic and geographic information that can possibly 
be obtained. Sights to all mountain peaks should be taken, distances estimated if 
intersections are not practicable, and sketches made. In short, no opportunity 
should be neglected for locating, however approximately, all features that can be 
seen, especially in view of the fact that it is proposed to prepare a general map of 
Alaska on the scale of about 40 miles to the inch, and that your party will probably 
be the only one that will penetrate this region on a geographic mission for many years. 

"You are further instructed to aflford every facility to the geologist accom- 
panying the party for the prosecution of his special work, and to consult with him 
in regard to all important emergencies." 

In accordance with the above instructions I left Seattle February 9 on the steamer 
Vlctorianj accompanied by three men — Gkwton Philip, assistant, Tom Hunt, and 
Charles Stuver. It had been arranged that the rest of the party, under Mr. Schrader, 
should join us at Bergman before the thawing of the ice and snow. We arrived at 
Skagway*' February 16, where we were obliged to wait three days on account of 
the snow bloi^kade on the White Pass and Yukon Railwa}'. 

a I ^iiih here to make acknowledgment of the conrteotis treatment Hhown us by Mr. E. 8. Bosby, supcrvisinfc officer 
Canadian cuMtoma, on presentation of the letter of Mr. John McDougald, commiarioner of cuiftoma (Canadian), furnished 
me through the Director of the Geological Surrey. 
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WHITE HORSE TO BERGMAN. 

We left Skagway on February 18 and arrived the following day at White Horse, 
the terminus of the railway. We found the thermometer at 56^ below zero, but it 
rose 30^ before we started on our march. On February 21 we left White Horse with 
335 pounds, principally instruments and personal baggage, on each of two sleds. 
The first marches were made very short to avoid the lameness which results from 
the vigorous exercise of untrained muscles. 

Fifty-three road houses are distributed along the 369 miles of trail extending from 
White Horse to Dawson. This stretch of trail was broad and hard packed by 
pedestrian, dog, and horse. Considerable heavy freighting was being carried on by 
horse sled. Below Dawson the trail was narrow, in deep snow, and no wider than a 
dog sled. From Dawson to Eagle, a distance of 106 miles, there are but four stop- 
ping places, while farther down the Yukon they are even less frequent and usually 
not so well supplied, owing to their remoteness and to the scarcity of patrons. It is 
240 miles by winter trail from Eagle to Fort Yukon, and along this stretch are scat- 
tered 12 road houses. During the last piortion of the journey, from Fort Yukon to 
Settles, a distance of 330 miles, there are no cabins, and we were dependent on our 
own resources. The trail followed there had been made by some parties that preceded 
us a few weeks, but owing to subsequent snowfalls it was frequently obliterated. 
This trail followed Chandlar River to Granite Creek and extended up that stream 
about 20 miles. It then led directly over the summit, crossed the South Fork of the 
Koyukuk, again ascended a divide, and finally descended into Slate Creek, another 
tributary of Koyukuk River. From Slate Creek to Bergman there had been much 
travel by prospectors sledding their summer's supplies up from Bergman. 

The whole party stood the low temperature and arduous travel without bad 
effects. Only woolen garments were worn, which were found to give ample pro- 
tection while on the march. Wolf robes, one to each man, afforded a warm sleep. 
Our principal discomfort was due to wet feet. Probably the best footwear for wet 
snow and overflowing streams are mukluks, or the native boots made on the coast. 

Spruce timber was found on all the river bottoms and extending up the tribu- 
taries and gulches. Two short stretches, one on the divide between the Chandlar 
and South Fork of the Koyukuk and the other on the divide between the South Fork 
and the main Koyukuk, are above timber, but both of these were crossed in less 
than one day, so that every night we had firewood and some sheltering spruce, though 
it was small and scattered near the two divides. 

Moose tracks were plentiful in the Chandlar Flats, and ptarmigan were occa- 
sionally found along the trail, but no other game was seen. 
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We arrived at Bettles April 14, and were hospitably cared for by Mr. Tamer, 
the aiBpent at thiA pont. The following day we proceeded to Bergman to examine our 
smpplies. which had been .sent in the previotw season, and found them intact. 

RECONNAISSANCE OP ALATNA RIVER. 

The party wan now divided into two partH for the parpo^e of reconnoitering* a 
ronte throngh the monntainn to the Colville waters. Mr. Philip wa» placed in chargf" 
of one of these, and, employing a native gnide^ ascended Alatna River** aboat 9^) miles, 
to it8 eastern branch — the Katnark. On May 5, his provi»ioo8 becoming exhan^^ted 
and the increased flow of water betokening a break-ap, he tamed back, after climbing 
a mountain near the mooth of the Katoark, from which the head of thi;^ stream 
appeared U> be completely surrounded by high mountains. The northern limit of 
timber appeared a few miles above the confluence of the streams. Up the we^m 
branch the timber extended as far as the valley fktor could be seen. 

Retnming^ Mr. Philip reached Bergman May 10. On this trip a few natives on 
their winter hunt for caribou were encountered. 

RECONNAISSANCE UP JOHN RIVER. 

On April 23, with the remainder of the party and a native, I started up John River. 
The first day's march was over the lowlands and directly toward a gap in the moun- 
tains. This direct course avoided many large bends in the river, and by night we 
camped close to the foot of the mountains, having made 16 miles. April 24 we 
entered the mountains, which rose from 3,000 to 4,000 feet above the vaUey, and 
traveled over the frozen stream, with but few cut-offs. On this trip we overtook a 
native woman, whose four previous camps we had passed. She was subsisting on 
rabl/its that she caught with primitive traps. Camp was made after a march of 
10 miles. On April 25 overflows were frequently encountered in the morning, but 
in the afterncKin we were again in deep snow, which was soft, and necessitated the 
breaking of a trail. This was very tedious work, as the trail had to be traveled 
several times by all of the party and tramped down with snow shoes before it would 
support the sled. Sixteen miles were made in this day's march. Natives were seen 
In the afternoon. On April 20 we were traveling in soft, deep snow, and after going 
10 miles were glad to end the weary tramp. On April 27 more natives were seen, 
who gave us the welcome information that little snow was ahead of us, and but little 
further on was the liare ice of the frozen stream. In the afternoon another camp of 
natives was found, and shortly after we ran onto bare ice, which was a great relief 
to man and dog. The day's march was 17 miles. On April 28 the traveling was on 
liare ice. Karly in the morning we reac^hed timbt^r line and took on a supply of fire- 

riCAlled Alli*ti Rltpr by Mendenhall In Prof. Paper (T. g. Qeol. Survey No. 10, 19(XL 
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wood. Grass could be seen protruding through the snow. Wind drifts and marks 
in the snow indicated very strong wind storms; indeed, we had been warned by the 
natives last met to go into camp if a blow from the north came on. The pass was visi- 
ble at the end of a march of 20 miles. I left camp standing and proceeded to explore 
the pass, which appeared to be short and easily passable. It was impossible to esti- 
mate correctly the length of portage for the canoes on account of the frozen condi- 
tions. On April 30, being satisfied that the mountains could be crossed through this 
pass, which I called Anaktuvuk, from the northward-flowing river that it leads to, 
we started on the return to Ber^an, which, with our now lightened sled, we reached 
on the morning of May 3. During our absence Mr. Schrader had arrived with 
the rest of the party, according to the original plan. He had found the trail again 
covered with snow, and to make better progress had thrown away tent, stove, and 
other articles. 

On the reconnaissance up John River, about thirty natives — men, women, 
and children — were counted. It is their custom to ascend the tributaries of the 
Koyukuk in winter to hunt. Caribou is their principal source of food. They never 
go beyond timber line, and it is very seldom that natives of the north coast come as 
far south. When the waters run they build i-afts and float down, bringing skins to 
Bergman for trade. 

It was now too late to move the cache of provisions with sleds, for the snow was 
fast becoming soft and the streams were beginning to run. We therefore proceeded 
to Bergman to await the breaking up of Koyukuk River, and spent the remaining 
time in starting plane-table work in that vicinity. A base was measured on the river, 
and four points had been occupied with plane table, when travel became impossible. 

At Bergman there were three white men, and but one of these, Mr. Powers, the 
agent, was there permanently. Not more than half a dozen natives live near the 
trading post. Mr. Powers succeeded in keeping a horse all winter, feeding him 
oatmeal and hay, made from a coarse native grass. Several horses were also wintered 
at Bettles. 

The cost of travel from Seattle to Bergman, via Skagway, during the winter, is 
about $800 per man. The cost of freight from San Francisco to Bergman, by ocean 
and river steamers, was $150 per ton. 

CANOE TRIP PROM BETTLES TO POINT BARROW. 

On May 29 the river ice broke, but jammed again in a few minutes. It alternately 
moved and jammed until June 6, when the river became practically clear of ice. On 
June 8 the river steamer Ztcella came down from winter quarters and carried the 
party and outfit up again to Bettles. Preparations were immediately begun for 
ascending John River, and Lookout Mountain was occupied with the plane table. 
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A borse waa hired, to be tui^ed later in paddng acrosB the diyide, and T. M. Hunt 
was instructed to provide himself with ten days' proYisions and proceed up the valley 
of John Rivc.'r to good grazing, there to await the arrival of the party, which would 
work up the river in canoes. The canoes started June 13, when the water was high 
and verj' swift. Progress was best made by reaching out from the bow of the canoe, 
clinging and hauling on projecting bough branches and snags (which is known as 
^^ milking the brush''), and aiding the advance by the judicious use of a pole from 
the stem. High water gradually decreased until June 27, from which time on poling 
and tnurking were more advantageous. Working canoes up this stream necessitated 
constant wading in the water at a temperature of about 50^. No ill effects, however, 
were observed in any of the party. Snow had by this time disappeared, except on 
some of the highest mountains. Occasional stops of one day each were made to 
ascend prominent points to carry on the mapping. The northern limit of spruce was 
passed July 8. Beyond this was a thin growth of willows along the stream and its 
tributaries. On July 9 we passed through a narrow gorge in which the stream was 
very swift and many bowlders occurred. This was one of the most dangerous parts 
of the river, and from this point to the camp of July 15 the river was a constant suc- 
cession of rapids and dangerous rocks, and should not be descended in boats by any 
one unfamiliar with it. Between camp July 15 and camp July 16 the stream is slug- 
gish. A>K)ve the latter point it spreads out, becoming shallow and swift, From 
camp July 17 the outfit was packed over by the men and horse to a small lake which 
empties into the Anaktuvuk, and which 1 have called Cache Lake. Numerous small 
lakes occur in the pass and along the sluggish parts of the stream. 

Grayling abound in the lakes and in the pools that occur in the streams. Several 
caribou were shot, and signs of goats were frequent on the mountain tops. Every- 
thing having been packed over to Cache Lake, on July 22 mail and reports were 
intrusted to a native, together with the horse, to take back to Bettles. 

On July 24 the party started down the Anaktuvuk. About 4 or 6 miles above 
camp July 28 the mountains end and the stream runs through rolling tundra in a 
fairly straight course. The channel frequently spreads out and becomes so shallow 
that wading had to be resorted to in order to lighten the canoes. Many caribou 
were seen, and one was shot. A small grove of balm of gilead, consisting of about 
a dozen trees, was passed August 3. Mosquitoes, which had been extremely annoy- 
ing since June 14, had practically disappeared. Redtop grass was seen growing in 
many places, particularly at camp August 5. Between camp August 6 and the 
mouth of the Anaktuvuk willows became thicker, and some were several inches 
in diameter. Among these were scattered a dozen or two balm of gilead, which, 
growing to a height of about 30 feet, look gigantic in the absence of other timber. 
The stream flows through a country that is almost flat, covered with moss, and dotted 
with small lakes. 
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From the camp of August 8 the bluffs of the Colville were seen, and on August 9 
we ran into that river, which, at the confluence of the Anaktuvuk, is 12 feet deep 
and about 800 feet wide, with a current running 4 miles an hour. High-water 
marks were 10 feet above the stage of August 9. The water was fairly clear, but 
increased in turbidity as we floated down. I believe this turbidity is due to the wash 
from the bluffs, from which muddy little rivulets continually drip with the thawing 
of ice. Five miles below the mouth of the Anaktuvuk a short stretch of rapid water 
(6 miles an hour) occurs, in which bottom was touched at 2^ feet in midstream. 
Though it is possible that deeper water might have been found, I doubt if it would 
have been more than 4 feet at that stage. Between the rapids, shown on the map 
accompanying this report, the current was not over 2 miles an hour, and in them it 
was not greater than 6 miles. The rapids shown are all very gentle, and average not 
more than 100 yards in length. Four feet of water was the minimum found over all 
of these swift places, except the one opposite Sentinel Hill," where the depth was 
not over 3 feet. At high water, which probably occurs in June, all of these small 
rapids would disappear. Good grass was found on " Coal " Bluffs. 

At Sentinel Hill the Colville divides and thence flows in two or more channels. 
The one nearest the bluffs on the western side of the valley is the deepest. Twenty- 
four miles below Sentinel Hill the end of the bluffs is reached, and the river, con- 
taining four islands, runs in one channel through a flat whose surface is 10 to 15 feet 
above sea level. The river gradually widens from 1,100 feet at the end of the bluff 
to 5,000 feet at the head of the delta. The head of the delta, where a very small 
tide is perceptible, was reached August 13. The main channel has a course N. 30^ E, 
magnetic, and is the one farthest to the right, or the most easterly one. There was 
not sufficient time to follow this to the sea. It is over 12 feet deep at the head of 
the delta and apparently continues unbroken to the ocean. This is the only one that 
would be navigable for river steamers. In the endeavor to find the native village of 
Nigaluk, several channels were explored and the delta was roughly mapped, but it 
being evident that we had passed the westernmost or left-hand channel, on which 
Nigaluk is probably located, and not having time to return, we put out to sea. I 
estimated the delta to be about 20 miles wide. 

Tracks of caribou were numerous on the delta, and later I learned that caribou 
frequent the coast to avoid the clouds of mosquitoes in the interior. On August 18 
we left the delta and its mud flats and followed the coast, which varies from a low 
beach to ice bluffs 10 to 20 feet high. A camp of natives was seen on the delta, but 
little information could be obtained from them. They appeared friendly, but were 
not communicative. On August 20 these natives overtook us, followed by about a 
dozen umiaks, each containing from three to six persons — men, women, and children — 
on their way to Point Barrow^ As they appeared to weather seas that we dared not 

« An isolated hill, so named on account of being a prominent landmark. 
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attempt in our canoes, and as our time was getting short and storms were brewing, 
I decided to induce these natives to take us in their boats. 

Along the coast we were dependent for firewood on the ocean drift. This is 
abundant in places, but at several camps there was barely sufficient for our need. 
It does not compare in quantity with that found on the southern coast of Seward 
Peninsula. Among the logs, which were principally spruce, were noticed a redwood 
and one or two pines. Drinking water is to be had almost everywhere along the 
coast, even on the small islands, provided they are covered with moss. It is, how- 
ever, often brackish. 

After losing several days by storms, we arrived at Point Barrow on the evening 
of September 3, and at Cape Smyth about midnight. Mr. Brauer, agent of the 
whaling station here, gave us a warm welcome. A steam whaler had left a day or 
two before, and as no more vessels were expected to pass the point, he supplied us 
with a whaleboat with which to sail to Cape Hope, where he thought we would likel}' 
catch a vessel bound home. We started on September 5, as there was danger of the 
ice pack being driven in if the wind shifted to the northwest or north. 

The coast from Cape Smyth to Cape Beaufort is very low, with a sandy beach, 
back of which bluffs rise rarely to a height of 76 feet. No high land could be 
discerned in the interior. Except when prevented by the storms of September 6, 9, 
11, 12, and 13, we were constantly working toward Cape Hope, sailing, rowing, 
or towing. 

In the afternoon of September 18 we sighted the funnel and masts of a steamer 
lying off the coal veins east of Cape Lisburne, and about dark, there being a perfect 
calm, this steamer, which proved to be the Arctic^ was boarded. She was taking on 
a load of coal for Nome, and on the night of September 21 she steamed away, arriv- 
ing at Nome September 26. Here one of the regular steamers was taken for Seattle, 
where the party was disbanded. 

METHODS OF TOPOGRAPHIC WORK. 

At intervals of about 10 miles prominent points adjacent to the river were ascended 
for topographic sketching on the plane table. Two signals, usually stone cairn^s 
about 6 or 7 feet high, were left on each of these points to mark the ends of the base 
which was to be used in determining the distance to the next station. This next 
station was usually selected first, so that the base might be laid off at right angles to 
a line joining the two stations, or as nearly so as the shape of the summit would 
permit. The direction of the base was always projected on the plane-table sheet to 
permit of the measurement of the angle between it and a line to any other station 
that might be occupied. The length of the base was from 300 to 600 feet, and was 
chosen with regard to the estimated distance and direction of the next station so as to 
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subtend an angle of about 22 minutes, which was measured with the micrometer 
screw of the alidade. 

Between stations a traverse of the river was made with prismatic compass and 
stenometer. The plat of the traverse was transferred to the plane-table sheet 
and fitted to the located points. The orientation of the plane table was controlled 
by the azimuths, deteimined with the theodolite when necessary. 

The method of plane-table locations was followed from Bergman to a point 20 
miles beyond the summit, and, judging from intersections on points on either side of 
the route, it was satisfactory and sufficiently accurate for the publication scale of the 
accompanying exploitation map. The compass and stenometer were used from a 
point 20 miles beyond the summit to the end of the traverse, on the Arctic coast. 

PREVIOUS KXPIiORATIONS. 

HISTORICAL SKETCH. 

Soon after the discovery of America interest was awakened in, and attempts began 
to be made to find, a northwest passage from the Atlantic to the Pacific Ocean, and 
these led directly or indirectly to explorations of Alaska and adjacent regions. The 
discovery of the northwestern side of America, and especially of the Arctic coast 
of Alaska, was preeminently the work of the English and the Russians. 

For the benefit of the reader who may desire to extend his knowledge on this sub- 
ject, a list of works from which much of the information here compiled has been 
drawn is given at the end of this chapter. Though the following sketch aims to 
note the more important of these discoveries and explorations, it does not attempt 
to be exhaustive. 

Samuel Hearne,** of the Hudson Bay Company, reached the Arctic Ocean as early 
as 1770 by way of Coppermine River, in longitude approximately 110^. His jour- 
ney was considered as demonstrating the practicability of reaching the coast by this 
route and m6ans of travel, and, what was of much greater importance, the absence of 
any waterway connecting Hudson Bay with the Pacific Ocean. 

In 1778 Captain Cook's expedition,* composed of the vessels Resolution and Dis- 
covery^ in search of the northeast passage, explored the northwest coast from Norton 
Sound to latitude 70^ 41', a little north of Icy Cape, where they were obliged by the 
ice pack to turn back. The conclusion reached at this time (and the correct one it 
afterwards proved to be) was that no passage existed south of latitude 66^, and that 
it must be sought north of Icy Cape. 

In 1789 Sir Alexander Mackenzie, a member of the Northwest Trading Com- 
pany, descended to the mouth of the great river which bears his name. In its delta he 



aHcame, Samuel, A Journey from Hudson's Bay to the Northern Ocean, Dublin, 1796, p. 162. See also Barrow's 
Arctic Regions, p. 300. 

<> Cook's Voyage to the Pacific Ocean, 3 vols.. Ix>ndon, 1785, vol. 2, pp. 446^466. 
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located Whale Island^ so named by him from the large number of white whales 
observed at this point. He also made observations on the tide of the Arctic Ocean. 
His descriptions and locations of channels were later found by Sir John Franklin to 
be very complete and accurate. 

In the year 1815 Lieutenant von Kotzebue,** of the Russian Navy, penetrated 
Bering Strait and explored the sound which bears his name, together with the north- 
west region as far north as Cape Lisbume. After this time we have no record of 
this part of the coast until the voyage of Captain Beechey, who explored the larger 
part of the entire Arctic coast in the years 1825-1828. 

In 1826, under the auspices of the Earl of Bathurst, Sir John Franklin descended 
the Mackenzie to its mouth and surveyed the coast line to the west as far as Return 
Reef, near longitude 149^ W. Acting in conjunction with Franklin, Captain Beechey, 
of the Blo98om^ had entered Bering Strait and sent a boat expedition in charge of 
Master Thomas Elson, which in the same year explored the coast as far north as 
Point Barrow, the north westernmost point of the American continent.* The explora- 
tion of the intervening distance, consisting of 160 miles of coast line, between the 
points reached by Beechey and Franklin on the west and east, respectively, was sub- 
sequently completed, and the north coast of the continent was outlined about ten 
years later, in 1837, by Dease and Simpson, by whom many of the natural features 
along this section of the coast were named. 

In his westward advance beyond the mouth of the Mackenzie, Franklin was the 
first to round the great chain of the northern Rocky Mountains, consisting here, as 
he perceived from the coast, of several parallel ranges. These are the Richardson^ 
Buckland, British, Romanzoff, and Franklin mountains. According to Dease and 
Simpson the portion of the Rocky Mountains visible from the coast does not termi- 
nate, as conjectured by Franklin, in the Romanzoff chain, but after a brief interval 
the Romanzoff Mountains are succeeded on the west by another chain, less lofty but 
equally picturesque, which was named by Dease and Simpson the Franklin Moun- 
tains. These mountains present a precipitous front to the coast. 

In the days of these earlier discoverers the above-named parallel ranges, rising 
from 2,000 to 3,000 feet, were apparently supposed to be the final termination of the 
Rocky Mountains extending northward from the United States and British Columbia. 
The great extension of the main axis to the west along the sixty -eighth parallel and 
its development into a range nearly 100 miles in breadth and 6,000 feet high were 
unknown. Not until the performance of the work forming the basis of this report 
was a correct idea of this obtained. 

At the same time that Franklin was conducting his discoveries westward along 
the coast, a detachment of his party proceeded from the mouth of the Mackenzie 

oDall, W. H., Alaska and its Resources, London and Boston, 1870, pp. 329-880. 
b Voyage of Captain Beechey to the Pacific and Behring's Btnita, London, 1886. 
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eastward, connecting their explorations with those previously made by him near the 
mouth of Coppermine River. 

In the meantime, the Russians, having obtained a foothold in Bering Sea and on 
the coast to the south, pushed up the Kwikpak, or lower Yukon, which Malakoff," a 
Creole, explored in 1838 as far north as Nulato, below the mouth of the Koyukuk, 
where he built a small post for the purpose of trading with the natives. In 1842 
Lieut. A. Zagoskin, of the Russian Imperial Navy, explored the Koyukuk for 50 
miles or more above its mouth, but explorations on the upper Koyukuk were not 
made until some time after much of Yukon River had been ascended and explored. 

While the above explorations were being conducted along the coast during the 
first half of the century, in the interior the pioneers of the Hudson Bay Company, 
representing the English, pushed still farther northwestward from their remote out- 
posts on the Mackenzie into regions then unknown, in quest of new fields in 
which to ply their fur trade. Liard and Dease rivers were explored, and in 
1842 Robert Campbell descended the Pelly to its confluence with the Lewes, where 
Fort Selkirk was subsequently established in 1849. Also in 1842 J. Bell^ crossed 
the divide from the Peel River drainage into that of the Porcupine, and in 1847 
McMurray descended the Porcupine to its mouth and founded Fort Yukon, on the 
banks of the river of this name, under the Arctic Circle, whence trade was opened 
with the natives. Not until two years later, however, when Campbell descended the 
Yukon from Fort Selkirk, was it learned that the two posts were on the same stream. 
The river was not ascended to this point from the western coast, however, until 1863, 
when the trip was made by Ivan Simonson Lukeen, an employee of the Russian 
American Company, and the Yukon of the English and the Kwikpak of the Russians 
were found to be identical. Not until then was it fully realized that the Yukon 
flowed into Bering Sea instead of northward into the Arctic Ocean by way of the 
Colville, as had been supposed, and as was represented on the maps of our school 
geographies until and even subsequent to that time. 

In 1849 Lieutenant PuUen, of H. M. S. Herald^ made a boat voyage from Bering 
Strait to the Mackenzie, and in 1850 the boats of the Plover^ starting from Cape Lis- 
burne, reached Bailey Island, in longitude 127^. In 1850-1854 Commander Captain 
McClure, of H. M. S. Investigator^ proceeded from Bering Strait to Banks Island 
and Lancaster Strait, where the crew finally abandoned the ship in the ice, and by 
walking over the ice to Beechey Island discovered and made the northwest passage. 
Also, in 1850 and 1855, Capt. R. Collinson, of the Enterprise^ sailed from Bering 
Strait to near King William Island, in Victoria Strait, whence, being short of coal, 
he retraced his course to Bering Strait. In 1852-53 the Plover^ in conunand of Cap- 



aDall, W. H., Alaska and its Resources, London and Boston, 1870, p. 48. 

bSpurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 8. Oeol. Survey, pt. 3. 1898, 
P.10L 
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tain Maguire, wintered at Point Barrow, in Moores Harbor, whence members of the 
expedition made journeys southwestward to Tasiak River and eastward along the 
coast to Return Reef, in longitude 150^, Maguire himself going as far as Smith 
Bay. 

In the autumn of 1860 Robert Kennicott,** crossing from the Mackenzie, arrived 
at Fort Yukon, and in the spring of 1861 descended the Yukon as far as Small 
Houses. 

In 1865 J. T. Dyer and R. D. Cotter,* in connection with the Western Union 
Telegraph expedition, are reported to have made a very creditable exploration of the 
country between Norton Bay and the mouth of Koyukuk River, on the Yukon. 

In 1866 Ketchum and Laberge, explorers for the Western Union Telegraph 
expedition, ascended the Yukon to Fort Yukon with Lukeen, and later, in 1867, con- 
tinued their investigations up the river as far as Fort Selkirk. 

In 1867 Dr. W. H. Dall, at first in connection with the Western Union Telegraph 
expedition and later at his own expense, in descending the Yukon, visited the Koyu- 
kuk. Though DalPs work was necessarily of a pioneer character, his contributions 
to our knowledge of the interior of Alaska were very important, as they gave the 
first clue to the geology of the Yukon Basin. 

Astronomic observations made at Nulato by Capt C. W. Raymond, who ascended 
the Yukon in 1869, materially aided in more accurately locating the mouth of the 
Koyukuk, also the position of the upper Koyukuk, which until recently rested 
largely upon the astronomic determinations subsequently made by him in the same 
year at Fort Yukon. 

The first whaler is reported to have entered the Arctic Ocean in 1848, and since 
then whaling has there been an important industry. 

From 1881 to 1883 a signal service station, in charge of Lieut. P. H. Ray, of 
the United States Army, was maintained at Point Barrow, which was one of the 
polar magnetic stations located by international agreement. The report of this 
expedition and station gives statistics and valuable tables containing results of 
meteorologic, astronomic, magnetic, zoologic, ethnologic, geographic, and some 
marine observations. In making inland explorations, a part of the upper course of 
Meade River was mapped and the Meade River Mountains were discovered. 

In 1884 additional valuable information on northwest Alaska, including the 
Kowak River region, was gathered on the cruise of the Corwm^ by Capt M. A. Healey 
and officers of the United States Revenue Service. Their work was subsequently 
continued by various other revenue cutters, some of which have visited the northwest 
coast of Alaska almost every year. Of these visits the most notable is probably that 
of the U. S. revenue cutter Bea/r^ which sent out the winter overland expedition of 

agoiithfloiiian Reports, 1861, pp. 89-40; 1864, p. 417. 

b Dall, W. H., Alaska and its Resources, Tiondon and Boston, 1S70, p. 277. 
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Lieutenant Jarvis and Drs. Call and Lopp to Point Barrow, for the relief of the 
whalers in the Arctic Ocean. These investigations, including the explorations of 
Kowak River, by Lieut. J. C. Cantwell, and of the Noatak, by Asst. Engineer 
S. B. McLanigan, of the Corwin^ were continued in 1885. 

In 1885 Lieut. H. T. Allen, of the United States Army, leaving the Yukon by way 
of the Tozikakat route, reached the Koyukuk near the Arctic Circle and ascended it 
to near the sixty-seventh parallel. In the same year a detachment of Lieutenant 
Stoney's expedition crossed from his camp on the Kowak to the lower Koyukuk by 
way of the Dakli. 

During the winter and spring of 1886 further explorations were made on the 
Arctic slope by Lieut. W. C. Howard,^ who, on a trip that was productive of 
important results, crossed from Stoney's camp on the Kowak to the head of the 
Colville, Chipp (Ikpikpuk) River, and thence by way of the head of Dease Inlet 
to Point Barrow. Howard's trip showed that a low pass leads through the moun- 
tains from the Kowak to the Noatak; that another leads from the Noatak to the 
upper waters of the Colville, and. that on the upper Colville in the region of 
longitude 156° W. the mountains are succeeded on the noilh by an undulating 
country, in which the river has a winding course, with steep banks. Farther north- 
ward, down Chipp (Ikpikpuk) River toward the coast, the undulating country is 
reported to give way to a ''dead level waste of tundra." 

To the east, Mr. R. G. McConnell, of the Canadian geological survey, descended 
the Mackenzie in 1888 on geologic reconnaissance work as far as the mouth of Peel 
River, near the sixty-eighth parallel, whence he crossed by way of the Porcupine 
to the Yukon. 

In 1889 Mr. I. C. Russell, who as geologist accompanied the Alaskan-Northwest 
Territory boundary survey parties sent out by the United States Coast and Geodetic 
Survey, ascended the Yukon from its mouth to its source, and soon after published 
valuable geologic and geographic notes on his observations made along the route. 

In 1890 the Arctic coast opposite Herschel Island was visited by Mr. J. H. Tur- 
ner, of the United States Coast and Geodetic Survey^, in connection with the inter- 
national boundary suiTey between the Canadian Northwest Territory and Alaska. 
On this trip Mr. Turner made a geographic reconnaissance from the Porcupine 
across the Davidson Range, following the one hundred and forty-first meridian, 
which resulted in a material contribution to our knowledge of the mountains and 
country in this region. 

In 1892-1894 Mr. Frank Russell, under the auspices of the Iowa State Univer- 
sity, descended the Mackenzie, principally to make ornithologic and ethnologic 
investigations.* 

aStoney, Lieut. George M., Naval Explorations in Alaska, U. S. Naval Institute, Annapolis, Md., 1900. 
frRusBell, Frank, Explorations in the Far North, published by the University of Iowa. 1896. 
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In 1896 extensive geographic and especially geologic contributions were made 
to our knowledge of the Yukon Basin by a United States Geological Survey party 
in charge of Mr. J. E. Spurr,^ who descended the river and mapped the gold- and 
coal-producing districts. 

Owing to the extended interest taken in Alaska by reason of the Klondike dis- 
coveries, during the years 1897 and 1898 the Koyukuk* was visited by 1,200 or more 
prospectors, miners, and adventurers, many of whom ascended the river by steam- 
boat nearly to the Arctic Circle. Some of these subsequently explored and pros- 
pected various tributaries as far up as latitude 67^ 30'. Many spent the winter of 
1898-99 here. During approximately the same period, 1897-98, some of the pros- 
pectoi's who had ascended the Kowak crossed the divide to the northeast and reached 
the Koyukuk by way of the Alatna. 

In 1899 a United States Geological Survey party ,^ conducting a reconnaissance 
traverse from Fort Yukon to Nulato, ascended Chandlar River, and, crossing 
from its headwaters, mapped the Koyukuk from near the head of its middle fork, 
near the sixty-eighth parallel, to the mouth of the river at the Yukon. 

During the summer of 1900 a party of prospectors crossed the divide between the 
head of the Koyukuk and the Arctic drainage by way of Dietrich River and descended 
the Arctic slope along the one hundred and fiftieth meridian to a point probably a 
little north of the sixty-ninth parallel. From a personal interview with members 
of this party the writer infers that the country is passable by pack train. It is, 
however, mountainous and is reported to contain some glaciers of considerable 
size, but these are probably valley glaciers only. To the east of this the country 
has been traversed by deserters from whaling vessels at Herschel Island, who made 
their way in a destitute condition from the coast to the Yukon by way of Chand- 
lar River. From accounts given by some of these men in a personal interview, the 
writer obtained the impression that this part of the region is largely a waste of rug- 
ged mountains, containing some glaciers, which are probably confined to the heads of 
the valleys. 

During the season of 1901 a geologic reconnaissance survey was also made from 
Fort Hamlin, on the Yukon, by way of Dall, Koyukuk, Alatna, and Kowak 
rivers, to Kotzebue Sound by a party in charge of Mr. W. C. Mendenhall.** 

During the years 1901 to 1903 the region lying between the Colville Basin 
and the international boundary was visited, it is reported, by S. J. Marsh and 
T. G. Carter, two prospectors who landed at Camden Bay in the fall of 1901, and, 

aSpnrr, J. £., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Kept U. S. Geol. Survey, pt. 8, 1896. 

frSchrader, F. C, Preliminary report on a reconnaissance along the Chandlar and Koyukuk riyers, Alaska: Twenty- 
first Ann. Kept. U. S. Geol. Surrey, pt. 2, 1900, p. 458. 

eOp. clt 

dMendenhall, W. C, Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska: Prof. Paper U. 8. Geol. Survey 
No. 10, 1902. 
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proceeding inland during the following winter, prospected without success on 
Eugriia River, about 90 miles from the coast, during the summer of 1902, where 
they remained in camp during the next winter, in latitude approximately 69^, 
longitude 146°. 

Mr. Marsh reports that this section of the country is barren or timberless, and 
consists largely of tundra swamps and niggerheads, underlain by rocks which he 
regards as a geologically young and nonmineral-bearing limestone formation. The 
country is reported to be plentiful in game, of which caribou, bear, wolves, foxes, 
and ptarmigan are the most important, the latter being very abundant. Eugrua 
River, which flows northward into the Arctic Ocean, is estimated to be about 280 
miles long. Besides the Kugrua, four other rivers of considerable size are reported 
to enter the ocean between the Turner and the Colville. 

In the spring of 1903 Mr. Marsh crossed the divide to the south of the Eugrua, 
where he reports that he found a mineralized zone on the headwaters of Chandlar 
River, which stream he descended to the Yukon. 

During the summer of 1903, it is reported, a prospecting party, of which James 
L. Reed and Walter Lucas were members, crossed from the Eowak by way of the 
headwaters of the Noatak and of the Alatna, a tributary of the Eoyukuk, to the 
Eillik, a tributary of the upper Colville, which they descended to its mouth. The 
Eillik is said to transport much floating ice, to be about 100 miles long, and to have 
many rapids in the lower 50 miles of its course. They then explored the Colville 
for a distance of 175 miles below the mouth of the Eillik and for 50 miles above it, 
and found this section of the Colville to be 400 to 500 yards wide and navigable, 
with a current of about 6 miles an hour. The topography of this part of the basin 
is reported to be undulating, with low hills, as described by Howard, and the rocks 
to consist of a sandstone formation in which thick veins of bituminous coal crop out 
along most of the creeks. This coal was burned by the prospectors in their camp 
fires. As no trace of gold was found, the formation is inferred to be probably non- 
auriferous. 

Excepting willows, which occur along the streams, and are often of large size, 
the country is timberless; there is no spruce. Grame is present and caribou are 
plentiful. 
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POPUIuATION AND CONDITIONS. 

ON THE KOYUKUK. 

Natives. — So far as can be judged, there are about 100 native inhabitants on the 
upper Koyukuk. The United States census for 1900 places the population of Peavey 
village, near the South Fork of the Koyukuk, at 35. The settlements of the Koyukuk 
natives, each consisting usually of a few cabins and tents, are sparsely scattered along 
the river from below the Arctic Circle to the sixty-seventh parallel of latitude. They 
are generally located at the mouth of some tributary stream, as in the case of Alatna 
River, Pickarts Creek, and Kanuti River. Their village at Bettles, which is larger 
than most others, forms an exception to the above rule, and exemplifies the disposi- 
tion of the natives to remain near a trading post and the abode of white men. 

At the post the natives are frequently employed by the whites for boating, sledding, 
and other work, for which service they receive provisions and clothing, which, added 
to what they get of game and fish, make up their living. They take but little interest 
in prospecting or mining. Apart from the partial sustenance they procure at the 
post, their chief source of food and clothing is the wild Alaskan reindeer or caribou, 
bear, salmon, whitefish, rabbits, grouse, and ptarmigan. 
189~No. 20—04 3 
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The Koyukuk country is also visited by the Kowak natives from the northwest, 
a more hardy and industrious rac^e than the Koyukuks. 

Whites. — After the exodus of the thousand or more inexperienced adventurers 
who in the Klondike rush reached the upper Koyukuk in the fall of 1898, wintered 
there, and disappeared from the country almost with the ice when navigation opened 
in the following spring, about a hundred sturdy men, mostly prospectors and miners 
who had arived with the influx the preceding fall, remained. Stimulated by the dis- 
covery of placer gold, they continued to prospect and began to mine some during the 
summer and engaged to some extent in development work during the following 
winter. In the meantime, especially in the months of February and March, 1900, as 
the reports of the presence of gold became authenticated, many people from various 
camps along the Yukon were attracted thither. This materially increased the mining 
activity of the district, which in a general way has continued to the present time; so 
that in 1901-2 about 200 white people, mostly miners and prospectors, wintered 
there, and at present^ (1903-4) they number about 350, the most of whom are pros- 
pecting or doing development work about the mines. Besides the people who winter 
there, many others reside there during the summer only, while working their claims. 
Since the discovery of gold the wage for the district has been $12 a day. Ground 
that will not yield this amount or more is not worked. Board is $6 a day. 

Transportation aiid means of travel. — Since 1900 there have been two supply 
posts* in the country, Bergman and Bettles, both operated by the Northern Com- 
mercial (;!ompany, successor to the well-known Alaska Commercial Company. Of 
these posts, the lower and usually the best stocked is Bergman, at the head of 
steamboat navigation, near the Arctic Circle, and about 450 miles above the mouth 
of Koyukuk River. At high water, however, in both spring and fall, steamboats 
ascend with freight to Bettles, near the sixty-seventh parallel, about 80 miles above 
Bergman. From Bettles, which has become the leading distributing point for the 
country, the supplies are conveyed to the various mining camps, about 75 miles 
farther up the river, by rowboat during the open season, or, preferably, by dog 
sled in the winter. The country is also reached by pack train from the Yukon in 
summer, by way of Chandlar River from Fort Yukon and by way of Dall River 
from near Fort Hamlin, the distance in each case being about 150 miles. Pack 
horses have been used to some extent during the last few summers, both for 
packing and for working at the mines, but the heavy snowfall renders the horse unfit 
for winter use. A shorter route than either of the above, leaving the Yukon at a 
point about midway between the Dall and the Chandlar and about 100 miles from 
Coldfoot direct, is now being investigated. 



ainfonnation on present (1903) conditions in the dintrict has been contributed by Mr. L. M. Prindle, a member of the 
Survey, to whom it was recently furnlBhed by miners en route from there to the States. 
b Besides these, the company keeps a bmnch post at Coldfoot. 
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The principal post-office is at Settles, but mail is also distributed from Bergman 
and from Coldfoot, at the mouth of Slate Creek. The judiciary of the district, con- 
sisting of United States commissioner, probate judge, coroner, and recorder, is 
located at Slate Creek, near the center of the mining region. Since early in 1901 
these offices have been held by Judge D. A. Mackenzie, a former citizen of Seattle, 
and one of the pioneers of the Koyukuk country. 

The placers, — The gold placers are shallow deposits, well suited for development 
by men of moderate means, who are able and willing to work. No one, however, 
should go to this country intending to mine without taking with him a year's supplies, 
commonly known as a ''grub stake," or its money equivalent, about $1,000. The 
mining period is confined to about 2i months in summer. 

The placers now being worked extend over a large are^, but occur chiefly on 
the middle drainages of the Middle and North forks of Koyukuk River, where they 
embrace a score or more creeks with their tributary gulches, some of which have 
been discovered recently. The gold is coarse. The yield of the district to date, as 
shown on page 102, is about $717,000. 

ON THE ARCTIC COAST. 

Natives. — With the exception of about a dozen white persons at Cape Smyth, 
near Point Barrow, and some at Point Hope, the bleak Arctic coast of northern 
Alaska is inhabited only by the Eskimo. From the international boundary to Point 
Hope, through a distance of 800 miles, the native population aggregates about 1,500 
persons. Their settlements are far apart. The principal ones are those of Point 
Hope, Cape Smyth, Nuwuk at Point Barrow, Nigaluk at the mouth of the Colville, and 
Barter Island about 150 miles farther east. There is also a settlement at Herschel 
Island, east of the international boundary, and one in the Mackenzie River delta. 
There is yearly communication between all these points. The census of 1900 credits 
Point Hope village with a native population of 314, and the settlement of Cape 
Smyth, probably including Nuwuk,^ with a population of 623. That of Nigaluk, at 
the mouth of the Colville, also probably amounts to about 200. There are also smaller 
settlements or single huts at points along the coast, as at Wainwright Inlet and Icy 
Cape, which are occupied in winter but generally vacated in summer. 

The principal food supply contributed by the sea is derived from the whale, 
walrus, seal, polar bear, and some small fish. Salmon, herring, smelt, and other 
small fish are found in the inlets and rivers. During the summer season there are 
large numbers of geese and ducks. The principal land quadrupeds are Alaskan 
wild reindeer or caribou, brown and black bear, wolverine, marten, wolf, hare, lynx, 

a Nuwuk, meaning in Eskimo " the point," is the name of the native village on Point Barrow proper, while the main 
settlement of the white people, where are the trading poet, mission, and post-office Barrow, is 9 miles southwest of Point 
Baxrow, at Cape Smyth, to which the name Point Barrow is generally though somewhat incorrectly applied. 
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fox, beaver, muskrat, and lemming. Of these, the most important for food and 
clothing, and fortunately the most abundant, is the caribou, whose migrations the 
natives follow. Berries and roots are also used for food by the natives. 

As the coast region is destitute of timber, affording only a few dwarfed willows 
at distant points along the rivers and inlets, the principal fuel of the natives is drift- 
wood, most of which has been discharged into the ocean by the larger arctic rivers, 
whose headwaters lie in forested regions. This is fairly well distributed along 
the coast, but is not so abundant as often supposed. 

The Alaskan Eskimos, so far as seen by the writer, are not the dwarfed race of 
people they are often depicted. The men will probably average nearly 5^ feet in 
height and 160 pounds in weight. They are generally robust, muscular, and active, 
inclining rather to angularity than to corpulence. The face may be described as flat, 
broad, and rounded, with high cheek bones. The eyes are brown or dark and the 
hair is black. As a people they are relatively intelligent and industrious and appear 
to be reasonably honest and moral. They are hospitable, good-humored, and cheerful, 
apparently free from care, and generally patient and tactful in manner. Their feel- 
ings have been described as lively but not lasting, and their temper is frequently 
quick but placable. The conjugal and parental aflfection is strong. Though thankful 
for favors, their gratitude is of short duration. 

Owing to its mixture with that of representatives of other races who reach the 
arctic regions, principally on whaling vessels, the blood of the Alaskan Eskimo is 
rapidly losing its purity. Children of pure Eskimo blood are reported to be very few. 

Whites. — ^There are at present about a dozen white persons living at Point Barrow. 
There is a mission school here at present, in charge of Doctor and Mrs. Call. A 
trading post, maintained here by the Cape Smyth Whaling and Trading Company 
for purposes of trade with the natives and whalers, is now in charge of Charles 
Brauer. The keepers of the post engage to some degree in whaling, in which they 
employ the natives. Early in April the whaling parties proceed by dog sled 10 or 
more miles out over the ice to the open sea, where they pursue their calling in open 
skin boats. 

Point Barrow is almost annually visited by vessels of the United States Revenue 
Service and by various whaling vessels. Ten of the latter are reported to have called 
there during the summer of 1901. Whaling in this part of the Arctic Ocean has 
been carried on with varying success by several companies during the last half 
century, but is now reported to be on the decline. The pursuit is hazardous, as the 
vessels are often caught in the ice pack. 

In 1901 effort was being made b}^ a Japanese to establish a small ti'ading post at 
the mouth of Staines River, near the one hundred and forty -sixth meridian. 
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Transportation and means of travel. — Transportation and travel in this barren 
region is principally by native skin boats along the coast and streams during the 
short open summer, and by dog sled over the snow and ice in winter; though the 
north coast Eskimos sometimes make trips into the interior from the mouth of 
Chipp (Ikpikpuk) River southward to the head of Colville, Noatak, and Kowak 
rivers. Their knowledge of the country in general is not definite beyond a distance 
of 40 or 50 miles from the coast. 

The native skin boats, or umiaks, are usually made of walrus skin. Being light, 
flat-bottomed, and responsive to sail, they are admirably adapted for use in the 
shallow waters of the deltas and tidal mud flats so characteristic of thei Arctic coast, 
and for small craft are very seaworthy. 

TABIiE OF DISTANCES. 

The following table, prepared by Mr. Peters, is here inserted to afford an idea 
of approximate distances along the route of travel. 

Distances up John River. 

Mouth of John River 

Fool Creek 51 

Hunt Fork 92 

Rocky Gorge 106 

Anaktuvuk Pass 120 

Cache Lake 125 

Distances down Anaktuvuk and Colville rivers. 

Cache Lake 

Canyon 43 

Small grove Balm of Gilead 54 

Ice field 63 

Two native huts 101. 5 

Mouth of Anaktuvuk River 114 

Rapid o 117 

Rapid o 119.5 

Rapid o 121 

Sentinel Hill 140 

Rapido 143 

Rapido 147 

Rapid « 157 

Ocean Point 164 

Head of delta 192.5 

Arctic Ocean 212 

a These rapi Is are short stretches of the river, running about 6 or 7 miles an hour, with no rough water. 
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ZHdances along coast from ColvUle River to Cape Smyth, 

Middle channel of Colvllle River 

West channel 17 

CapeHalket 67 

Pitt Point 90 

Simpson Cape 137 

Tangent Peak 189 

Point Barrow 198 

Cape Smyth 207 

GEOGRAPHY. 

LOCATION AND GENERAL FEATURES. 

The region here considered, as shown on the outline map, PI. I, lies in northern 
Alaska, mainly in its middle part. The area covered by the detailed maps (Pis. 11 
and III) trends in a nearly northward direction from the sixty-sixth parallel of 
latitude approximately along the one hundred and fifty-second meridian to about the 
seventy-first parallel at the Arctic coast, a distance of about 400 miles. The maps 
are based entirely on observations made during the present exploration along 
Eoyukuk, John, Anaktuvuk, and Colvillc rivers, except that to these have been 
added some notes of observations made by Mr. T. G. Gerdine and the writer in 
the Koyukuk district in 1899. 

Geographically the region consists of three well-marked provinces — the moun- 
tain or middle, the Koyukuk or southern, and the Arctic slope or northern. 

Orographically the mountain range, forming the middle province, is regarded 
as a northwestern continuation of the Rocky Mountain system of the United States, 
which, extending northwestward through Canada nearly to the Arctic Ocean, bends 
abruptly to the west beyond the Arctic Circle and trends nearly westward across 
northern Alaska, forming the great trans- Alaskan watershed between the Yukon 
Basin on the south and the Arctic Ocean on the north. In its northward and finally 
westward course the range forms a prominent feature of the " concentric" orography 
of Alaska, and embraces in its southward-facing curve the great basin of the Yukon 
and the well-known, but not always well-defined, Yukon Plateau. 

From its character and relation to the range, it seems probable that the gently 
rolling plain bordering the mountains on the north and sloping gently to the Arctic 
Ocean may be physiographically correlated with the Great Plains in western United 
States, while the basin of the Yukon corresponds to the great Interior Basin of 
the West, lying between the Rocky Mountains and the Coast Range. 

In their trend across Alaska the mountains agree with those in the Canadian 
territory adjacent to the east, which extend nearly to Mackenzie River. In the 
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region north of the mountains, both in Canadian territory and in Alaska, the valleys 
trend northward toward the Arctic coast, while those on the south trend southwest- 
ward toward the Yukon. 

Considering the country more in detail, we may note that the line of profile 
extending through the region as a whole, in a north-south direction (see PL II), 
beginning on the south, at the sixty -sixth parallel, traverses for the first 120 miles of 
its course an undulating country whose low, rounded hills attain elevations of from 
1,000 to 3,000 feet. It then crosses a rugged range of mountains 100 miles wide and 
about 6,000 feet high, whence it descends steeply to the elevation of 2,500 feet at the 
inland edge of a gently northward-sloping plateau or rolling plains country (PI. IV). 
It then traverses this rolling plain for 80 miles, and thence passes for about 80 miles 
through a nearly flat, tundra country or coastal plain to the Arctic coast. 

To facilitate description each province will be treated separately. 

MOUNTAIN PROVINCE. 

The most striking is the middle or mountain province, which, as noted, consists 
of an inland range of rugged mountains trending east and west across the field 
between latitudes 67^ 10' and 68^ 25', as shown on the topographic map, PI. II. 
These mountains here have a width of about 100 miles and an average elevation of 
about 6,000 feet. 

It is unfortunate that the term Alaskan has already been applied to a local 
range lying south of the Yukon, as that name would seem to be the most fitting term 
by which to designate this portion of the great Rocky Mountain system, which here 
extends east and west entirely across the northern part of the Territory. That these 
mountains are regarded as a northwcvstward continuation of the Rocky Mountain 
system has been noted, and the term Rocky Mountains has been broadly applied to 
them on the map. 

That portion of the main range lying between the international boundary and 
Mackenzie River has been called the Davidson Mountains, while to the several 
small groups on the north, between the main range and the coast, and extending from 
the one hundred and thirty -eighth to the one hundred and forty-eighth meridians, 
the names Richardson, Buckland, British, Romanzotf, and Franklin have been applied. 
They are all probably more or less closely connected with the main range, from 
the northern side of whose great bend to the southwest between Mackenzie River 
and Colville River they seem to branch. So far as known they trend in a general 
northwestward direction, but have a somewhat imbricated relationship, each group 
tending to overlap the inland part of the one next to the west. They seem to rep- 
resent the northward dying out of the range near the Arctic coast If they are con- 
sidered a part of the range in the region of the one hundred and forty -seventh 
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meridian, they give to it a breadth of about 210 miles. In elevation these groups 
lie generally between 2,000 and 4,000 feet, while the height of the 
main range near the international boundary is from 5,000 to 7,000 
feet. From this point, with but slight if any decrease in elevation, the 
range continues westward to the one hundred and fifty-third meridian, 
beyond which, in the region at the head of Colville and Noatak rivers, 
it diminishes in height, and seems to divide into two parts or ranges. 
Of these, the northern range, continuing westward, terminates in the 
low mountains and abrupt sea cliffs of Paleozoic rocks at Cape 
Lisburne (see PL V and fig. 1), while the southern forms the divide 
g between Noatak and Kowak rivers. 

"I ENDICOTT MOUNTAINS. 

Z, QENEHAL FEATURES. 

o 

a It is probably to the range between Noatak and Kowak rivers, 

I as seen from Lookout Mountain, on the Koyukuk, that Allen in 1885 

% gave the name Endicott Mountains. Though the name appears on 

g Allen's map,*' and is referred to in the text of his report, it is not 

I known to have come into use or to have appeared on any of the 

numerous succeeding Alaskan maps. Allen refers to the mountains 

1 of this region as comparatively low, and says the highest are the 

^ Endicott Mountains, between Koyukuk and Kowak rivers, which, 

I extending northward, were supposed to contain the headwaters of 

t Colville River. The highest peaks were estimated at 4,000 feet. As 

a printed on Allen's map, however, the term is given a broader signifi- 

I cance, applying to practically the entire portion of the range embracing 

I the headwaters of the Koyukuk and the sources of the drainage ways 

S which flow in an opposite direction into the Arctic Ocean, between the 

•i one hundred and forty-fifth and one hundred and fifty-fourth meridians. 

g 

^ As the term embraces and seems fittingly to apply to all that part of 

the range considered in this report, it will here be retained, and the 

mountains will be referred to in this report as the Endicott Mountains. 

"Where crossed by the Geological Survey party the range lies 

between the rolling, hilly country of the Koyukuk Basin on the south 

and a very gently undulating plateau country on the north. On the 

south the rise from the rolling country to the mountains is by foothills, 

but rapid. On the north the mountains break off abruptly, much as 

they do along the edge of the Great Plains in western United States. 



a Allen, Lieut H. T.. BeoonnaiflBance in Alaska. 1885, Washington, Government Printing Office, 1887. 
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Pronounced faulting and uplift are evidenced by marked deformation of the strata 
and in some places by fault scarps miles in extent. 

The comparatively regular southern edge of the range trends approximately east 
and west, in latitude 67° 10', while the northern edge, where it was crossed, in the 
region of Anaktuvuk River, latitude about 68° 25', presents a concave front to the 
north, as shown on the maps (Pis. II and III). This crescentic feature is repeated by 
several low concentric ridges in the Anaktuvuk Plateau to the north. These seem to 
have been formed by a part of the same orographic uplift as the main range, for 
they lie parallel with its front and grow weaker and finally die out northward with 
increase of distance from the seat of maximum uplift. 

West of the Anaktuvuk the crescentic front of the range soon gives way to 
a more nearly westward trend, bearing in the direction of Cape Lisburne. To the 
east of the Anaktuvuk, however, the curved front continues in a northeasterly and 
finally north-northeasterl}^ direction, so that in about latitude 70° and longitude 147° 
it reaches a point within 35 miles of the coast, where it merges with the Franklin 
Mountains, one of the northern groups previously noted. From this point eastward 
to Mackenzie River the northern edge of the mountains continues near the coast. 

Along the one hundred and fifty -second meridian the range is somewhat higher 
in the northern than in the southern part, and contains two distinct orographic axes, 
the surface of the northern having an elevation of a little more than 6,000 feet, and 
that of the southern somewhat more than 5,000 feet. Between these axes there is a 
slight depression, where the surface has apparently been somewhat more rapidly 
reduced by erosion in soft rocks. This is notably true on the west side of John 
River, somewhat north of the middle of the range, where in the region of the sixty- 
eighth parallel and the one hundred and fifty-third meridian the country between the 
head of Hunt Fork, which flows southeastward into John River, and the head of the 
Colville on the northwest, probably does not exceed 5,000 feet in elevation. 

The topography of the range varies, depending on the character and structure of 
the rock formations. That of the Fickett series, composed of phyllites, slates, 
quartzites, and conglomerates, is characterized by sharper crests and peaks than the 
limestone areas, whose ridges, being broader and more rounded, are often studded 
by knobs and bordered by steep cliffs, with extensive slopes of heavy talus at their 
foot. 

Though marked cliffs and precipices occur, the side slopes of the valleys, as shown 
in PI. VI, A^ can generally be ascended without difliculty. They are moss covered 
to within about 2,000 feet of the top of the mountains, where steeper slopes of barren 
rock and talus begin. Exceptions occur in the faulted Paleozoics in the northern 
side of the range, at the head of the Anaktuvuk, where some scarps rise abruptly to 
a height of several thousand feet above the valley. 
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ANCIENT PLATEAU FEATUBB OP ENDICOTT MOUNTAINS. 

Where best observed on this reconnaissance, principally on John and Anaktuvuk 
rivers, a view across the top of the range presents the general appearance of an 
ancient plateau or peneplain from which, by deep dissection, the mountains have 
been carved. The former surface of the plateau is evidenced by numerous closely 
crowded peaks, rising generally to an elevation of 6,000 feet, where they present an 
even sky line, as shown in PI. VII, A and B, For this plateau feature of the range 
the name Endicott Plateau is proposed. About 4,000 feet below this level lie the 
floors of the main valleys, at an elevation of about 2,000 feet; and the open Anaktu\aik 
Pass, near the northern edge of the range, between John and Anaktuvuk rivers, is 
at an altitude of scarcely 2,500 feet. 

Since for geologic purposes the accompanying geologic section (see section 
on PI. ni) is confined to the line of traverse along the valleys, where the elevation 
has been much reduced by erosion, the profile of the section does not express the pla- 
teau character of the range. This feature is probably best shown in the illustrations 
forming PI. VII, which are reproduced from photographs taken on the upper part 
of John River, near the top of the i*ange, at an elevation of about 6,000 feet. 

It seems to the writer not improbable that, as our knowledge of the physical 
geography of Alaska becomes more complete, it will be found that the Endicott 
Plateau, including its extension to the east, possibly beyond the Davidson Moun- 
tains, may be correlated with the Chugach Plateau, a similarly dissected plateau 
surface, which is observed in the westward continuation of the St. Elias Range, at 
an elevation of about 6,000 feet." 

The interstream areas, which in general rise to the surface of the Endicott Plateau, 
are rarely flat topped, but consist of a network of peaks connected by irregular and 
often sharp-crested ridges. Only occasionally does an isolated peak rise a little 
above the general level of the plateau. None that could be observed are monadnocks. 

The relation of the Endicott Plateau to the supposed Yukon and Koyukuk 
plateau features, to be considered later, is diagrammatically illustrated in fig. 2 (p. 44). 
So far as known, no rocks younger than Lower Carboniferous have been found in 
the Endicott Plateau. But as it seems not improbable that Upper Carboniferous 
and possibly even Lower Mesozoic rocks may be present in the Fickett series, it 
does not seem safe to suggest for the plateau an age earlier than Mesozoic. It seems 
undoubtedly older than the supposed Yukon Plateau, which in turn is considerably 
older than the Koyukuk Plateau, as the latter lies at a much lower level and is com- 
posed of rocks which are in part Cretaceous, and some possibly younger. 

aSchrader, F. C, and Spencer, A. C, Geology and Mineral Resources of a Portion of the Copper River District, Alaska; 
a special publication of the U. S. Qeol. Survey, 1901. 

See also Bchrader, F. C, A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska: 
Twentieth Ann. Bept U. 8. Oeol. Survey, pt. 7, 1900, p. 87b. 
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Since the Yukon Plateau, as to whose age there is slight diflference of opinion, 
has l)een shown by Dawson,^ Spurr,* and other writers to be due to Eocene or 
early Neocene erosion, if the present writer is correct in his supposition concern- 
ing the representation of this plateau feature in this northern field, the interrela- 
tions of the several features here make it obvious that the Endicott Plateau, which 
is certainly post-Lower Carboniferous, must be at least pre-Neocene and is probably 
considerably older, and that the Koyukuk Plateau is at least post-Eocene and possibly 
considerably younger. 

DRAINAGE. 

In the portion of the range crossed by the Survey party the drainage is 
principally southward into the Koyukuk. The master stream is John River, 
which rises near the northern edge of the range. The main drainage ways are 
therefore transverse, extending across the strike and trend of the rocks, as well as 
across the trend of the range. The small tributaries, being nearly always controlled 
by rock structure, flow in general along the strike and enter the master stream at 
right angles, producing a rectangular drainage system. 

Though John River Valley is intramontaoe and contains some canyons, it is 
broad and in general open. A portion of it, near the middle part of the range, 
seems to lie in a syncline in the Fickett series, trending a little east of south. The 
valley probably averages about li miles in width, from base to base of the mountains. 
Portions, however, are much wider and contain flats, through which the river freely 
describes great bends from side to side. The present stream channel has apparently 
been sunk into several older valley floors, as is shown by the bed-rock benches along 
the sides of the valley. Of these benches the most pronounced occur at heights of 
1,700 feet, 600 feet, and about 100 feet above the present stream, and seem to mark 
stages of comparative rest in the progress of orographic uplift. It is probable that 
the 600-foot bench may be correlated with the benching noted on the Koyukuk, in 
the region of Red Mountain.^ 

At the head of John River, benches sloping northward against the present drain- 
age seem to denote that a considerable area lying at the head of this stream formerly 
drained northward, through the Anaktuvuk and the Colville, into the Arctic Ocean, 
instead of southward, through the Koyukuk and the Yukon, to Bering Sea, as at 
present. 

The bed-rock benching and the topography of the lower side slopes of the valley 
are frequently found to have been materially modified by ice action, which has 

a Dawson, G. M.. The physiographical geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, 
vol. 3, 1890, sec. 4, pp. 1-74. 

bSpurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 8. Geol. Survey, pt 3, 1898, 
pp. 257-265. 

cSchrader, F. C, Preliminary report on a reconnaissance along the Chandlar and Koyukuk riven, Alaska, in 1899: 
Twenty-first Ann. Rept U. 8. Geol. Survey, pt. 2, 1900, p. 468. 
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eroded the rocks and brought down deposits of gravel and drift, as shown in PL 
VI, B. Such deposits, however, rarely attain a thickness of more than 100 feet. 

The John River system, just described, is believed to be a fair type of the other 
adjacent drainage systems of the mountains, such as Hokotena River or Wild Creek 
and North Fork, which trend parallel to it and also flow south into the Koyukuk. 

KOYUKUK PROVINCE. 
GENERAL FEATURES. 

This province, extending from the southern base of the mountains 120 miles 
southwestward to the limit of the map at the sixty-sixth parallel, lies mainly in the 
northwestern part of the large basin of the Koyukuk, which forms the northwestern 
part of the Yukon Basin.** It consists mainly of a rolling or hilly country of known 
and supposed Mesozoic rocks, whose hills rise to elevations of from 1,000 to 3,000 
feet, while the main valley floors lie at approximately 600 feet. 

The general accordance in height of the hills and ridges of this province at two 
different levels strongly suggests that the present topography has been carved from two 
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Fio. 2.— Diagrammatic profile showing relations of Endicott, Yukon, and Koynknk plateaus. 

former plateau features (see fig. 2). Though, for need of further investigation, this 
question can not be discussed in detail in this place, it may be noted that of these two 
features the lower level, at about 1,200 feet, is relatively distinct and well marked, 
and represents the general elevation of the land mass over the larger part of this 
portion of the Koyukuk Basin, as may be seen on the map (PL U). For it the name 
Eoyukuk Plateau is suggested. 

The higher level, which also suggests a former plateau now dissected and largely 
removed by erosion, lies at about 3,000 feet, but it is indefinite. Its best expression 
occurs along the base of the mountains, where portions of nearly flat-topped ridges, 
rising gently northward, soon merge into the foothills of the mountains, while to the 
south they become lost in irregular ridges and hills, descending to the lower or 
Eoyukuk Plateau. This higher level, where formerly observed, at an elevation of 
from 2,600 to 3,000 feet, to the east, on Chandlar and upper Koyukuk rivers, 
near the sixty-seventh parallel, was supposed to represent the Yukon Plateau,* but 

a For a more complete description of the Koyukuk Basin the reader is referred to Preliminary report on a reconnais- 
sance along the Chandlar and Koyukuk riyers, Alaska, in 1899: Twenty-first Ann. Rept. U. 8. Geol. Survey, pt. 2. 1900, 
p. 467. See, also. Recent work of the United States Geological Survey: Bull. Am. Qeog. Soc., vol. 84, No. 1, Feb.. 1902. 

frSchrader, F. C, Preliminary report on a reoonnaissance along the Chandlar and Ko3mkuk rivers, Alaska, in 1899: 
Twenty-flnt Ann. Kept. U. 8. Geol. Survey, pt 2, 1900, p. 99. 
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owing to its feeble development to the northwest and to its remoteness from the 
known Yukon Plateau feature, the present work, though it yields supporting 
evidence, has not gone far towai-d confirming this supposition. 

DRAINAGE. 

The drainage of this province, which is separated from that of the Arctic slope 
by the above-described mountain range, is southwestward. The master stream is 
the Koyukuk, which flows into the Yukon. It is navigable for some distance above 
Settles, to near the sixty-seventh parallel. Next in size are John and Alatna rivers, 
tributaries to the Koyukuk from the north, and South Fork from the south, all of 
which at high water may be ascended by steamboat for 20 to 30 miles above their 
mouths. Other prominent tributaries are Hokotena River or Wild Creek and Alashuk 
River from the north and Kanuti River from the south. 

All the above streams, as shown on the map, meander over their broad, flat 
valley floors, which vary from 1 to 10 or more miles in width. On the lower and 
middle portion of the Koyukuk the flats attain a very much greater width, being, in 
a measure, comparable with the Yukon Flats. To this portion the name Koyukuk 
Flats ^ has been applied. 

ARCTIC SLOPE PROVINCE. 

This province, beginning at the north base of the Endicott Mountains, in latitude 
68^ 25', extends 160 miles northward to the Arctic coast. From the Anaktuvuk and 
Colville it appears to extend eastwai*d to the foot of the mountains, 70 to 80 miles 
distant, while on the^west it is inferred to probably extend to the Arctic coast, 
between Point Barrow and Cape Lisburne, a distance of about 400 miles. It is mainly 
with the eastern portion of the province that we shall here have to deal. This 
portion embraces almost the whole of the Colville Basin, and consists primarily of 
two distinct features, plateau and coastal plain. For the former feature the name 
Anaktuvuk Plateau is proposed. 

ANAKTUVUK PLATEAU. 

Beginning at the north base of the Endicott Range, at an elevation of 2,500 feet, 
as shown on the left in PI. IV, .1, this gently rolling plateau or plains countrj^ com- 
posed of Mesozoic rocks, extends with gentle slope northward for a distance of 80 
miles, to latitude 69^ 25', where, at an elevation of 800 feet, begins the nearly flat 
coastal plain next to be described. In the Anaktuvuk Yolley a still more gentle 
aspect is given to the topography of the Mesozoic rocks by the glacial drift. 

The most prominent features of this plateau are a few low, broad ridges, which 
lie parallel to or concentric with the curved front of the mountain range, and the 
shallow drainage valleys (see PI. IV, A), trending noi*th and south. These ridges 

aSchrader. F. C, Preliminary report on a reconnaissance along theChandlar and Koyukuk rivers, Alaska, in 1899: 
Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, p. 468. 
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present the concavity of their curve to the north, and, as suggested, appear to owe 
their origin to a part of the same uplift that formed the more abrupt 
front of the main range. They seem to be persistent features between 
the Colville and the head of Chipp (Ikpikpuk) River, where they trend 
a little north of west. Farther west they presumably merge into the 
Meade River Mountains, at the head of Meade River, in latitude 69^ 20', 
and probably continue still farther westward to the Arctic Ocean, where 
much the same type of topograph}^ also cut in Mesozoic rocks, appears 
in the region north of Cape Beaufort. 

Where traversed by the Survey party, the most pronounced of 
these ridges occurs about 20 miles north of the mountains. It is low, 
broad, and somewhat rounded. Its highest points rise only 500 to 600 
feet above the general plateau level, or about 1,200 feet above the bed 
of Anaktuvuk River. A sectional profile of this ridge, sketched from 
a point a few miles above it, on the Anaktuvuk, is presented in fig. 3. 

ARCTIC COASTAL PLAIN. 

In latitude approximately 69^ 25', at a distance of 80 miles from the 
mountains, and at an elevation of about 800 feet, the northern edge 
of the above-described Anaktuvuk Plateau gives way to a nearly flat 
tundra country or coastal plain, which from this point extends about 80 
miles northward to the Arctic coast, and descends in this distance prac- 
tically to sea level, with slope so gentle as to be inappreciable to the 
naked eye. For this feature, by reason of its geographic position, the 
name Arctic Coastal Plain is here proposed. This plain is practically 
constructional. The flat surface of its large interstream areas is dotted 
here and there by extremely shallow ponds and lakelets, which in most 
instances are without outlet and present no suggestion of the develop- 
ment of any system of drainage. Along the west side of the Colville the 
eroded edge of this part of the plain forms continuous steep bluffs, 
which gradually decrease in height northward, from 200 feet at the 
mouth of the Anaktuvuk to about 80 feet at Ocean Point, 40 miles 
distant. The few rivers that traverse the plain flow with considerable 
velocity in its inland portion, but toward the coast they become 
sluggish. 

DRAINAGE. 
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COLVILLE RIVER, 



The drainage of this Arctic slope province is essentially north * 
ward, into the Arctic Ocean. The master stream is Colville River. 
The Colville has a drainage basin of about 30,000 square miles. It rises in the 
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A. TOPOGRAPHY OF JOHN RIVER VALLEY IN ENDICOTT MOUNTAINS. 
From near south edge of Fickott series; looking S. 60*^ E., into Skaigjit formation. 




B. GLACIATED SIDE SLOPES OF JOHN RIVER VALLEY IN ENDICOTT MOUNTAINS. 
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northern part of the Endicott Mountains, near the sixty -eighth parallel and the one 
hundred and fifty-third meridian, whence it soon makes a large detour to the west 
and back, and then, in flowing northward to the ocean, traverses both the Anaktuvuk 
Plateau and the coastal plain. Practically all its tributaries of any importance are 
received from the right, or southeast. The chief of these — the Ninuluk, Anaktuvuk, 
and Itvelik — head in the mountains. 

In the inland part of the coastal plain, at the mouth of the Anaktuvuk, as shown 
by continuous bluflfs, the Colville has sunk its bed to a depth of 200 feet (see PI. VIII), 
and at Ocean Point, 40 miles farther north, where it permanently leaves the bluflfs, to 
a depth of 80 feet below the surface of the plain. In this downcutting, from a point 
above the mouth of the Anaktuvuk to the coast, the Colville has migrated laterally 
westward, into the terranes composing the plain, to such an extent that, while its left 
or western shore is for the most part lined by steep-faced bluffs, rising from 80 to 
200 feet above the stream to the level of the plain, into which it is still cutting, on 
the right or east it is bordered by an expansive waste of low abandoned flats, laid 
waste by the river, for which the name Colville Flats is proposed. 

These flats occupy a triangular area of probably 2,000 square miles, extending 
from the mouth of the Anaktuvuk as the apex northeastward to the coast, where, 
including the Colville delta, they attain a maximum width of probably 50 or 60 
miles. They are dotted by numerous shallow ponds and lakelets. The monotony of 
their almost dead level is occasionally relieved by low mounds of gravel, rising 10 to 
40 feet above the surface. In fact, from near the mouth of the Anaktuvuk the 
Colville seems formerly to have flowed more directly northeastward through the 
area now occupied by the flats and entered the ocenn through Gwydyr Bay, from 30 
to 40 miles east of its present delta, if not Prudhoe Bay, still farther eastward, at 
the base of Return Reef, as shown by the broken lines on the map forming PI. III. 

At the head of the Colville delta, where the edges of these flats form the stream 
banks, their surface lies about 10 feet above the river. Here they are composed 
chiefl}" of dark mud, mu(;k, and ground ice, while at certain localities farther inland 
the banks give way to stretches of gravel beach sloping gently to the water's 
edge. 

The Colville delta at present has a radius of about 15 miles and a width across 
the front of about 20 miles. It is composed of low islands, which coastward gradu- 
ally pass into marshes, mud flats, bars, and expansive shallows, which are continuous 
with the very gi-adually deepening sea floor. Near the head of the delta sand dunes 
have been formed on some of the islands to a height of 60 or more feet. As the 
"Pelly Mountains" of Dease and Simpson, represented on their map to the west of 
the Colville delta, do not exist, it seeuLs probable that the features which these men 
mistook for mountains were merely low sand dunes, similar to those above referred 
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to. This view is strengthened by the fact that under certain conditions of light along 
the coast low objects become, by refraction, enormously exaggerated in vertical scale. 
Colville River has formerly been described as having four mouths, but it prob- 
ably has five or six. The westernmost is said to be shallow, but the second from the 
west is navigable and is used by the natives in ascending and descending the river on 
the west. Whether any of these channels will admit river steamboats was not learned. 
If so, it must be the right or most easterly channel, which seems to be the main 
one. Once across the delta, judging from its gradient and volume, the river can 
probably be ascended by steamboat for a distance of 150 or more miles above its 
mouth. McClure, in crossing Harrison Bay in 1850, found the freshening influence 
of the Colville to extend 12 to 14 miles seaward, the surface of the water being of a 
dirty mud color and scarcely salt 

ANAKtuvuk. RITEB. 

Next to the Colville, the principal stream of this province is Anaktuvuk 
River, the large southeast tributary of the Colville, which, rising in the northern 
part of the mountains, flows almost directly northward across the Anaktuvuk Plateau 
and joins the Colville at the inland edge of the coastal plain. At about 30 miles 
from the mountains the Anaktuvuk is joined on the east by Willow Creek, a stream 
equal to itself in size. 

Above Willow Creek, owing to the swiftness of the current and frequent riflSes 
formed by large bowlders that beset the bed of the stream, the Anaktuvuk can 
hardly be regarded as navigable at ordinary water for canoe or rowboat. In the 
upper section of the river, the valley, as shown in PI. IV, A, is shallow and open, 
with no bluffs or banks to speak of. The tundra extends almost to the water's edge. 

Below Willow Creek the floor of the valley consists of a gravel- or bowlder- 
covered flat, a mile or more in width, along the edges of which the gentle, moss- 
covered side slopes are occasionally interrupted by low bluffs rising from 20 to 100 
feet above the river. Willow Creek and Nanushuk River both seem to head in the 
mountains to the southeast of the edge of the plateau, while Tuluga River, on 
the west, apparently takes its rise on the plateau, near its middle part. 

COAST LINE. 

J^rom Colville River to Paint Barrow. — The northern Arctic coast of Alaska, 
from the mouth of the Mackenzie to Point Barrow, trends a little north of west. It 
is low and flat, the actual shore line being formed by a low shelving beach (PI. IX, A)^ 
whose seaward extension forms the shallow sea floor. From east of the Colville 
westward to Point Barrow the surface of the tundra often descends to or within a 
few feet of tide level, so that the same gentle slope seems to be continued in the very 
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gradually deepening sea floor. The greatest beight of the bluffs is about 30 feet. 
The drainage ways are consequently broad and very shallow. 

The coast line is comparatively regular, though not nearly so uniform as repre- 
sented by the early explorers Dease and Simpson. It is more or les8 broadly sinuous 
or wavy, its first striking uniformity being broken by occasional lagoons, shallow 
embayments, and inlets; but in comparison with the coast of southern Alaska, for 
example, in can not be called indented. Some of the embayments mark the mouths 
of rivers, but most of the larger ones seem to occur independent of inland drainage. 
The deepest, and perhaps the only one to which the term indentation will strictly 
apply, is Dease Inlet, at the head of which is situated Admiralty Bay, which receives 
the Chipp (Ikpikpuk) River. The principal streams entering the sea between 
the Colville and Point Barrow are Grarry, Smith, Sinclair, Chipp (Ikpikpuk), and 
Meade rivers. These rivers, however, could not all be visited by the party in its 
rapid progress along the coast. So far as known, they in general have wide mud-flat 
deltas, much the same as the Colville, which pass seaward into shallows, merging 
with the shallow coastal shelf of the sea. 

It is judged that the coastal shelf Extends far offshore, with a slope probably 
even less than that of the nearly level subaerial coastal plain. Captain McClure 
found the soundings so exceedingly regular that during the foggiest weather the 
vessel could stand inshore with the most perfect confidence in 3^ fathoms of water, 
and the Investigator is reported to have passed the mouth of the Colville 40 miles out 
to sea in 3i fathoms. The range of tides on this portion of the Arctic coast is very 
small, being only 2 or 3 feet. 

Point Barrow, the northern extremity of this low coast and of the American 
continent, is a low spit of gravel and sand, projecting to the northeast, in latitude 
71^ 23', longitude 156^ 40'. It is 4 miles in length and about one-fourth mile in width, 
but expands at the end, where it rises to a height of 16 feet and sends out a long, 
narrow ridge, which extends east-southeastward for a distance of more than 2 miles. 
This ridge finally gives way to a line of sandy islets, inclosing a shallow body of 
water of considerable extent, named Elson Bay, after the discoverer of Point Barrow. 

From Point Barrow to Cape Lishume and beyond, — ^The trend of the coast line 
changes from northwest to southwest at Point Barrow and thence extends about 300 
miles southwestward to Cape Lisburne. It continues comparatively straight and 
regular, but it is not so low as on the north. It soon loses the almost featureless 
edge which is characteristic of the flat coastal plain on the north, and gradually comes 
to exhibit low, but seldom rock-faced, bluffs, rising 30 or 40, rarely 70, feet above 
tide. Back from the shore a very gently rolling surface rises very gradually toward 
the interior, but no highlands or mountains can be seen. Seaward the bluffs over- 
look immense stretches of brackish lagoons, from one to several miles in width, which 
189— No. 20—04 4 
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rather persistently line the coast. These lagoons are screened from the force of the 
open sea by broad wave-built barrier reefs and beaches of sand and gravel, through 
which occasional narrow channels, cut by the ebb and flow of the tide, connect with 
the outer water. On portions of the coast not thus protected, during a northwest 
gale the mouths of the smaller valleys become entirely clogged and the streams them- 
selves are then dammed back by the broad beach barriers thrown up by the violent 
surf. In the rear of these barriers the lower reaches of the valleys then become 
temporarily converted into broad lakelets, whose surface may rise 5 or 6 feet above 
normal tide level; but with the abatement of the storm a new drainage channel is 
opened through the beach and the lake disappears. 

Near Cape Beaufort, latitude 69° 15', the above-described low topographic relief 
gives way to a range of hills or low, rolling mountains, which, sweeping a little south 
of west, appear at the coast with an elevation of 800 to 1,000 feet. They are sup- 
posed by the writer to represent the westward continuation of the Meade River 
Mountains, already referred to. Farther southwest they seem to merge into the 
somewhat more pronounced and rugged mountains of Cape Lisbume, which, as 
noted, are supposed to represent the westward continuation of the northern axis of 
the Endicott Range, noted at the head of the Anaktuvuk, in longitude 152°. 

Here these mountains, as noted, terminate at the coast in abrupt sea clitfs, form- 
ing the bold promontory of Cape Lisburne, which rises to a height of 850 feet above 
tide. From Cape Lisburne the mountains, with decreased altitudes, continue south- 
westward in several successive parallel ridges, trending at about right angles to the 
coast. The shore line, however, is here less abrupt, as shown in fig. 1 (p. 40). 

About 30 miles south of Cape Lisburne the shore extends out nearly 15 miles to 
the west in an immense tongue of low, sandy land, known as Point Hope, which is 
backed by bluflfs at its inland end. 

From Point Hope southeastward to Cape Krusenstern, at the entrance to Kot- 
zebue Sound, the coast is reported to be low and somewhat rocky, with intervals of 
lagoons and wave-built barrier reefs, somewhat resembling those already described; 
but in latitude 67° 35', opposite the great bend of the Noatak, low mountains, known 
as the Mulgrave Hills, again approach the coast. 

The streams entering the coast on the northwest are nearly all short The prin- 
cipal, beginning at the north, are Kee, Kukpowruk, Pitmegea, and Kukpuk rivers. 

GEOIiOGY. 

QEOLOOIC MAP AND SECTIONS. 

The results of the very incomplete observations concerning the distribution 
of the geologic formations here treated of are represented on the accompanying 
geologic map (PI. HI), the colored portion of which, comprising an area of about 
27,000 square miles, lies mainly between the one hundred and fiftieth and one 
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hundred and fifty -fifth degrees of longitude. As the line of traverse ^ ^ 

extends in a north-south direction across the trend of the terranes, |* 

which has been found to be relatively constant, especially in the moun- | 

tains, the boundaries delimiting the various formations on the north and 5 | ^ ^ 
on the south, along the line of the section, are approximately correct T l^^^ 
and in some instances are well defined. In an east- west direction some % 3 J j 
liberties have been taken in making such broad generalizations as f * * 1 
seemed permissible from the regularity of the terranes in the mountains g % 
and their relations and lithologic resemblance to those previously 
mapped to the east. 

The boundaries of the post-Paleozoic formations of the Arctic ^ 
slope, approximately determined on paleontologic and lithologic g a 
evidence along the route of traverse, have been extended eastward 
and westward on topographic evidence and on observations and 
collections made by the writer in returning southward along the | ^^ 
coast from Point Barrow to Cape.Lisburne. 

At the north base of the mountains, where the profile, descend- §* j ^ 
ing from the mountains, passes from the upturned Devonian onto 
Pleistocene till, which farther north is found resting on Lower Creta- 
ceous, a belt several miles wide has been left blank, in view of the 
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possible occurrence of Carboniferous and Lower Mesozoic rocks g ^t» 

between the Devonian and the Cretaceous; and simUar contact gaps J % 
have been left in other parts of the section. On topographic grounds, ^^ 

however, it seems probable that the Mesozoic and Carboniferous ^ -g 

formations are absent at the above point on the Anaktuvuk, having o 

been removed by erosion, and that the inland edge of the Lower | 

Cretaceous or Jura-Cretaceous may rest directly on the Devonian, § ^ 

as indicated in fig. 4. Areas away from the route traversed, where % 

o 

the geology is unknown, are also left blank; while, on the other hand, | 

general geologic information and the probable occurrence of certain 8 ^^ 

formations are represented by notes printed in red. East of the I I Jl 

geologically colored portion of the map the notes applying to the * ^« 

region lying north of the Arctic Circle are based on the work of the ^ * g 

writer in a previous year," while those to the south of the Circle, on £ ; | 
the west, and along Alatna and Kowak rivers in the region of the 
sixty-seventh parallel are by Mr. W. C. Mendenhall, geologist in charge Jl 

of the Kowak expedition, whose work* has just been published. 

aSchrader, F. C, Reconnainance along the Chandlar and Koynkuk rivers, Alaska: Twenty-flrst Ann. Rept. U. S. 
Qeol. Snnrey. pt. 2, 1900, p. 448. 

fr Mendenhall, W. C, Reconnaiasance from Fort Hamlin to Kotzebue Sound, Alaska: Prof. Paper U. S. Geol. Survey 
No. 10, 1902. 
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A profile and geologic section appearing on PI. Ill, drawn on the same scale 
as the map, illustrate the structural features and relations of the various rock 
formations. It extends from the southern edge of the map at A (PI. Ill) to 
the foot of the Colville delta and the Arctic coast at J. In order to show the 
structure in the Tertiary coastal plain and to represent the flats and delta near sea 
level at the north, the scale of the section has been vertically exaggerated 5:1 as 
compared with the horizontal scale, and in order to represent more accurately the 
relations of the rocks as actually observed the section follows the somewhat zigzag 
line of traverse. Where it traverses the rocks diagonally, as in the northern 
edge of the Fickett series, compensation has been made therefor by reducing the 
dips of the rocks in the section. As the line of traverse follows the valleys, where 
the topography has been reduced by erosion, the profile rarely rises to the normal 
height of the adjacent land mass. Consequently the peneplain feature of the Endicott 
Mountain summits is not expressed by the profile. From studies thus far made of 
the section it promises to be of far-reaching importance, not only in deciphering the 
geology of Alaska, but also in making correlations with Asiatic stratigraphy. 

Near the northern edge of the range, as shown on the map, the section traverses 
the mountains to the east of the Anaktuvuk Valley, but as the rocks have here been 
disturbed by folding and faulting, a supplementary short profile section (fig. 4), show- 
ing the rocks as the}^ appear on the west side of the valley, has been introduced. It 
extends from the Lower Carboniferous at Contact Creek on John River a distance 
of about 25 miles northeastward across the Devonian, along the north side of 
Anaktuvuk Pass, to the Cretaceous of the Anaktuvuk Plateau on the west of 
Anaktuvuk River. The base of this section represents approximately the elevation of 
the floor of the Anaktuvuk Valley and that of the pass, which is about 2,500 feet. 
The mountains rise to about 5,^00 feet. Besides the faulting shown between the 
Devonian and the Lower Carboniferous on the south, and in the Devonian itself 
toward the north, the section supposes the Lower Cretaceous to be resting uncon- 
formably on the upturned and eroded Devonian. 

OUTLINE OF GEOLOGIC HISTORY. 

The rocks composing the section here considered, extending geographically from 
the sixty-sixth parallel to the Arctic coast, a distance of nearly 400 miles, comprise 
representatives of most of the geologic ages ranging from Silurian to Recent, as 
shown in the accompanying table. 
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Tertiary (Oolville series) 



lOligocene. 



Tablb of Geologic Formations. 
Sedimentary rocks, 

iRecent stream gravels, dune sands, mud flats, silts, 
beach eravels, Gubik sand, ground ice, and gla- 
cial dnrt 
Nearly horizontally stratified, fine-grained calcare- 
ous silts. 
Sand, clay, shale, soft sandstone and limestone 
with lignites, hard ferruginous sandstone, and 
conglomerate. 

^'^Shu^S""^^"" JSoft««»d«t«°«' lto«tone, shale, and coal. 

^^^'Jfo-.f ^ ^^^' jSandstone, slate, grit, conglomerate, and coal, 
roan series ^ « i 

Lower Cretaceous (Ko- 1 1mpure limestone, sandstone, slate, and associated 

yukuk series). p igneous rocks. 

Lower Cretaceous (An- ^Principally impure sandstone or arkose, with some 
conglomerate or grit. 
Sandstone, impure limestone, shale, and bitumi- 
nous coal. 
Phyllites, slate, limestone, sandstone, quartzite, 
grit, and conglomerate. 

Limestone and shale. 



Mesozoic 



Paleozoic. 



aktuvuk series^ 

Jura -Cretaceous (Cor- 
win series). 

1. o w e r Carboniferous 
(Fickett series). 

Devonian ( Lisbume for- 
mation). 



^VTotien^'sei?^^ JMica-schists and quartz-mica-schists. 

^^^atilS*" ^^^^'*}Schistose and micaceous limestone. 
^J?[sSi^r^^ri^)*' jconglomerate, quartzite, slate, and shale. 

Iffneous rocks, 

Post-Silurian dike (?) rocks, associated with the Skajit formation. 

Cretaceous and post-Cretaceous dike rocks, associated with the Koyukuk series. 

The oldest rocks encountered in the field consist of several metamorphic series. 
They are principally of sedimentary origin, and have acquired their present character 
largely by processes of mountain building, which, broadly speaking, seem to have 
been in progress intermittently since Middle Paleozoic time, and are probably still 
going on. 

These metamorphic rocks are exposed only in the mountainous portion of the 
field. The different series are here designated by the names Skajit, Totsen, Stuver, 
Lisburne, and Fickett. Though the Totsen series is mainly sedimentary, it includes 
also some greenstone-schists of igneous origin, which appear to be old basaltic flows, 
but may be intrusives. 

With probably a single exception, igneous rocks were not observed with any of 
the other metamorphic series. This exception was on John River, near the middle 
of the Skajit formation, at a point about midway between camps of June 23 and 
June 24. Here, in the face of the upper part of a cliff which rises steeply to a height 
of 2,000 feet above the edge of the stream, as seen from the opposite side of the 
river, looking northeast, but which, owing to difficulty of access and lack of time 
was not visited, the limestone is cut by what appears to be two classes of dikes (but 
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which may possibly be veins), one dark and the other light These supposed dikes 
are thin, and they are 3'ounger than the schistosity of the country rock. The dark 
ones are the older, and cut the rock for the most part obliquely to the schistosity or 
bedding, which they slightly exceed in dip, the dip being to the norths at an angle of 
about 45°. The light dikes cut the rocks at nearly right angles to the dark dikes 
and dip south at an angle of about 80°, and seem to follow fault planes or fissures 
that were manifestly produced subsequent to the intrusion of the dark dikes. 

The above division of the rocks is based largely on paleontologic evidence. But 
the Totsen series, in which no fossils were found, is assigned to a low place in the 
geologic scale by reason of its crystalline character or high degree of metamorphism 
and the known relatively low stratigraphic position in which similar rocks occur in 
adjacent regions. The Stuver series, in which likewise no fossils were found, is 
regarded as among the older rocks by reason of its field relations to the overlying 
Devonian. 

After the deposition of the oldest Paleozoic sediments occurring in the present 
southern axis of the main range, this part of the region seems to have been uplifted 
and subjected to dynamic action and metamorphism, following which a portion of 
the field probably remained above sea during the whole or a paii; of the period 
in which the Devonian sediments were being laid down in the region now occupied 
by the northern axis. During this period of deposition, which possibly extended 
into early Mesozoic, the later Paleozoic sediments, including apparently the Car- 
boniferous, seem to have been deposited unconformably against the older rocks 
of the southern axis. This period was followed by stress, uplift, and the exertion 
of mountain-building forces, resulting in folding, metamorphism, and deformation 
of the strata. 

Then followed a long pause, during which the reduction of the land area by 
subaerial erosion nearly to sea level gave rise to the peneplain or formerly nearly 
level surface of the Endicott Plateau. This base-leveling was, in turn, followed by 
elevation of the region, whence upward movement seems to have continued more or 
less intermittently down to the present time. Uplift was accompanied by vigorous 
dissection of the plateau, from which the Endicott Mountains, as we find them 
to-day, seem manifestly to have been carved. 

Contemporaneous with this uplift and dissection the sediments eroded from the 
range were borne to the sea and deposited as new terranes on both the north and 
the south side of the mountains. These later deposits range in age from Middle 
Mesozoic to recent. Though throughout this period the Endicott Plateau seems to 
have stood above the sea, the region was subjected to somewhat pronounced changes 
of level and disturbance, as is evidenced by deformation and unconformities extend- 
ing from Middle Mesozoic to Pleistocene. 
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The later of these disturbances is that suggested by the vigorous cutting of the 
left or west bank of Colville River into high bluffs (PL VIII), while the east bank 
consists only of the edge of an expansive waste of low flats abandoned by the river in 
its lateral migration during its down cutting. This shifting or lateral migration of 
the river was evidently brought about by a tilt, which is apparently more than a local 
disturbance, for other examples indicate that there has been a general tilt throughout 
northern Alaska, which has caused and is still causing the larger rivers, notably the 
Yukon, the Porcupine, the Koyukuk, the Kowak, the Colville, and the Anaktuvuk, 
to cut their western banks.^ This differential upward movement of the region proba- 
bly extends eastward to the international boundary or farther, and, judging from the 
latei*al migration of the Colville into the Pleistocene as well as the Tertiary and 
Mesozoic terranes, it took place, in part at least, in the Pleistocene, and is probably 
still in progress. 

During Lower Cretaceous time, deposition on the south of the range, in what is 
now the Koyukuk Basin, was apparently accompanied by igneous extrusions and 
followed by intrusions, which latter continued into post-Cretaceous time,* while the 
range itself and the Arctic slope, so far as observed along the route of traverse, are 
relatively free from igneous rocks. It was supposed by the writer that the northeast- 
southwest trend of the Koyukuk Valley, from the Yukon to the sixty-eighth 
parallel, probably represented in a general way a line of weakness in the earth's 
crust, along which igneous phenomena are especially manifest. More recent work, 
however, along Kanuti and Kowak ^ rivers and on Kotzebue Sound, shows that the 
igneous rocks are distributed over a much wider area m this northern coimtry than 
in that occupied by the Koyukuk Valley. 

SEDIMENTARY ROCK FORMATIONS. 
FALEOZOIG ROCKS. 

STRUCTURE. 

Beginning with apparently the oldest, the several formations or rock series will 
be briefly described. As the field is new and the investigations have not been detailed, 
the formation names introduced are proposed provisionally. 

To afford a more comprehensive view of the relations of the several series and 
to avoid repetition in referring to them individually, it will be well to note at the outset 
some features of structure which are common to nearly all the Paleozoic rocks, and 
which apply to the range as a whole, namely, that the series all strike approximately 

aTbe fact that the Yukon in the lower part of- its coone is cutting its right or western bank has been noted by Dall. 
Russell, Spurr, and others. 

(»SchrAder, F. C, Reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rept U. S. Geol. 
Survey, pt. 2, 1900, p. 481. 

oMendenhall, W. C, Reconnaissance from Fort Hamlin to Kotcebue Sound, Alaska: Prof. Paper, U. S. Geol. Survey, 
No. 10, 1902, map, p. 80. 
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east and west, parallel with the trend of the range. They are nearly all traversed 
by the dominant jointin^r of the range, which cuts the rocks in a direction aboat 
northeast-southwest, with dip nearly vertical or inclined steeply to the northwest, at 
angles of 75° to 80°. There are also usually one or more sets of secondary jointing or 
minor structure, trending in general noilh west-southeast, sometimes approximately 
at right angles to the major jointing. 

The above statement of the structures affecting the Paleozoics in the range 
applies also in a limited way to the upland Mesozoics on either side. 

With the exception of the greenstone-schists occurring in the Totsen series, the 
Paleozoics of the range, as well as the younger formations of the Arctic slope, are 
all sedimentary, and, so far as observed, are relatively if not wholly free from 
association with igneous rocks of any kind. 

SKAJIT^ FORMATION (UPPEB SILURIAN). 

Character and occurrence, — ^The Endicott Range, as noted, has two distinct axes, 
of which the southern seems to be composed of the older rocks (see PI. Ill), those 
of the Skajit formation and the Totsen series, the former playing the principal part 

The rocks of the Skajit formation (PI. IX, B) consist of heavy-bedded crystal- 
line limestone and mica-schist. Weathered surfaces, parallel with the bedding and 
planes of movement and crushing, present a silvery sheen, due to the presence of 
mica, while some layers grade wholly into mica-schist. On a fresh fracture surface 
the limestone is found to be highly crystalline, generally fine or medium grained, 
and of impure white or bluish-gray color, the latter apparently denoting the more 
dolomitic phases of the rock. It weathers to a dirty gray or light brown, sometimes 
tinged with red. 

The formation occurs in the southern part of the Endicott Mountains, where, in 
latitude approximately 67° 30', it occupies a belt that is from 15 to 20 miles wide, 
in which the moimtains rise to an elevation of more than 5,500 feet above sea 
level, the rocks forming some of the highest peaks and mOvSt rugged topography of 
the southern axis of the range. Judging from the attitude or prevailing dip of the 
rocks and their extent measured across the strike, the formation probably has a 
thickness of at least 4,000 feet. 

Structure, — ^The Skajit formation has a nearly east-west strike, parallel with 
the general direction of the mountains; but about 20 miles west of John River this 
trend changes to north of west. The structure in general indicates a broad anti- 
clinorium whose middle part is occupied by a broad, shallow syncline. In general 
the dips are gentle, as shown in PI. IX, ^ and PI. X, A, The latter shows the 



aThe term Skajit is of native origin, and is taken from a group of rugged mountaina occurring within the area of th(> 
formation to the east of John River. 
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formation as it disappears to the north unconformably under the Fickett series. In 
some localities, however, the faulting and folding have been intense. 

Like the other Paleozoic rocks of the range, the Skajit formation is cut diag- 
onally by the dominant northeast-southwest jointing, which divides the rocks into 
nearly vertical sheets varying from less than 1 to more than 10 feet in thickness, and 
by the secondary jointing sometimes at nearly right angles to this direction. 

The joint planes are usually nearly vertical or have a steep westerly dip, and are 
sometin^es locally followed by veins or veinlets of calcite and some quartz, carrying 
occasionally a little galena or iron pyrites and copper. Prospectors report that 
galena, probably of economic value, occurs on Wild Creek, 25 miles east of our 
route, in a wide *' ledge" in limestone probably belonging to the Skajit formation. 

Cleavage was also noted in a few instances, but none so pronounced or so well 
developed as that observed in similar rocks in the area to the east, at the head of 
Chandlar River. 

Age, — The Skajit formation, as seen in the geologic section, probably repre- 
sents the oldest or next to the oldest rocks in the field. It is the principal formation 
forming the southern axis of the Endicott Range, of which it seems to be the lowest 
terrane exposed. It is unconformably below the Ficket^ series on the north, and 
apparently bears similar relation to the Totsen series on tne south, where, as shown 
in the geologic section on PI. Ill, the probable unconformity is indicated by the beds 
of the Totsen series lying at a steeper angle than thoei of the Skajit formation, as 
well as by an abrupt change in the character of the sediments along the zone of 
contact. Similarly, on the north, where the heavy-bedded limestone of the Skajit 
formation finally disappears with a northerly dip, it is met by the overlying slates 
and schists of the Fickett series dipping south (section on PI. Ill and PI. X, A), 

Though the limestone, as noted, is much altered by metamorphism, it contains 
faunal remains, some of which were collected in place on John River. While most 
of these forms are too greatly altered for determination, a single specimen has been 
identified by Mr. Schuchert as ** having the ventral valve of a brachipod of the order 
of Merhtina and Meriatdla^ and also resembling a transverse Seminvla. This kind 
of shell indicates that the rock can not be older than Upper Silurian and not younger 
than Lower Carboniferous." 

On this evidence, and because the rock is much more disturbed and metamor- 
phosed than the limestone of the Lisbume formation, in which Devonian fossils have 
been found in the northern axis of the range, the Skajit formation is provisionally 
referred to the Upper Silurian. This, if the inference be correct, places it among 
the oldest known fossil-bearing formations of northern Alaska. Late Upper Silurian 
forms have been found in the Glacier Bay limestone in southeastern Alaska.^ Ordo- 

aBrooks, A. H., Preliminary report on the Ketchikan mining district, Alaska: Prof. Paper U. S. Qeol. Survey No. 1, 
1902, pp. 19-20L 
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vician fossils have beea found by the Survey party on Seward Peninsula,^ and Lower 
Silurian forms ^ were also found by Mr. A. J. Collier during the season of 1^1 
in the same region. 

Silurian fossils are also reported to have been collected^ by Buckland, Dall^ and 
others at Cape Lisbume and the adjacent Cape Thompson, but, so far as kno^n to 
the writer, no section or description of the rocks is given. In Dana^s Manhal of 
Geology it is stated that species of lathostrotion have been found in the Arctic^ coast 
lands between Cape Lisbume and Eotzebue Sound. Lower Silurian foififls were 
collected by Mr. Schuchert on the northeast coast of the continent, in Baffiti Land. 

Correlation. — ^From the schistose, crystalline, and micaceous character of the 
Skajit formation and its resaoablance to similar rocks of the Bettles series^^ it is here 
provisionally correlated with the schistose phase of the Bettles series occurring at 
the head of Chandlar River, with which subsequent detailed work in the inter- 
vening region may connect it. It seems probable that the limestone imported by 
prospectors to occur in the gold placer district in the Koyukuk, between the Skajit 
formation on John River and that on the Chandlar, represents this connection. In 
an earlier report * the Bettles series was tentatively correlated with the Fortymile 
series of Spurr. If, however, the Skajit formation proves to be Upl^r Silurian and 
its correlation with the Bettles series is correct, the previous o<y^relation of the 
Bettles limestone to the north of the Yukon with the .pre-SOurian Fortymile series 
to the south, in the Fortymile district, may have to be abandoned. 

TOTBEN SEBIBB/ (sILUBIAN). 

Chardcter and occurrence. — ^This series of rocks occupies a belt about 12 miles wide 
on John River. It lies south of the Skajit formation, upon Which tJie Totsen rocks 
seem to rest unconformably, while they in turn are unconfohnably overlain by the 
Bergman series on the south. The rocks are mainly mica-ichists and quartz-mica- 
schists, in both of which the essential minerals are biotite aiid quartz. There is also 
some much-altered greenstone or amphibole-schist. Locally the mica-schist becomes 
graphitic, graphite bodies one-eighth inch in diameter being noted, and in some cases 

aBrooks, A. H.; Rlchardaon. O. B.; Collier^ A.i^ and Mendenhall, W. C, Reeonnainances in the Cape Nome and 
Norton Bay Reerions, Alaska: Special poUiGatkm U. S. Qw^. Survey, 1901. 

^GraptoUtes were fonnd by MeaBrs. A. H. Brooks and L. M. Pri&dle along the northern base of the Alaskan Range in 
the smnmer of 1902. 

o Correlation papers, Neocene: Boll. U. S. Oeol. Survey No. H PPw Mfr-2t9. 

dSchrader, F. C, Reconnaissance along the Chandlar and Eoyukiik zlTem, Alaska: Twenty-first Ann. Rept U. S 
Oeol. Survey, pt. 2, 1900. 

clbid. 

/The name Totsen is derived from the term Totsenbetnar— formerly applied by the nathraato Wild Creek— by 
dropping the final syllables, which signify river. On the map accompanying the writer's report on tfa* ezpattlkiiiof Ifii^ 
and on that In Mendcuhall's report of 1902 (Prof. Paper U. S. Oeol. Survey No. 10), this name was ertoneoualy applied to 
the stream which is now called John River, but which Allen designated Ficketf s Blvar. The word was q>elled Totien- 
bitna by Allen. It is said to mean lune^ the waterfowl. 
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the rock^iarrieB much secondary qaartz, both in small veins and in lenticular bodies. 
SMie ittm pjrrite is also pi'esent, which on oxidation gives a reddish-brown color to 
^e Took. The quartz veins tend to follow the schistosity and are jDf ten locally con- 
torted and twisted. Some carry irr^^ar veinlets or stringers of epidote. 

The series is believed to be essentially of sedimentary origin, but the sedimenta- 
tion seems to have been accompanied by basaltic flows, which were later sheared 
with the sedimentary beds, giving rise to amphibolite-schist, of which the most 
prominent strip, having an apparent width of several miles, occurs near the southern 
part of the belt occupied by the series. Here the rock, judging from the bent and 
crushed renmants of feldspar and augite shown under the microscope, is plainl}^ of 
igneous origin. Though on account of faulting and folding there is doubtless some 
duplication of the rocks in the Totsen series, its total thickness, judging from the 
prevailing dip and distance across the strike, is 6,000 to 7,000 feet. 

Structure. — The Totsen series, like the older rocks composing the range, trends 
approximately east and west, and though the series as a whole has been intensely 
folded, the dip in general is monOclinal, being, so far as observed, southward, at 
angles of 60 to 80°; but in the northern part of the belt, John River Valley, for a 
distance of several miles, seems to follow a north-south syncline in the series. 
The series is traversed by the major northeast jointing of the range, and by a second- 
ary structure at nearly right angles to the major jointing. Cleavage was noted at a 
few localities, but apparently much of this has been obliterated by disturbance. 

Age. — ^The Totsen series is represented in the geologic section as it appears 
to occur in the field, namely, above the Skajit series. It thus seems to be younger 
than the Skajit, but the actual contact between the formations was not seen, as is 
shown by the gap in the section, and the age relations here indicated can not be 
demonstrated. Furthermore, while the Totsen series, so far as observed, consists 
essentially of rocks that seem undoubtedly to belong to the class of older crystalline 
schists found in Alaska, and can not be correlated with the Fickett series, it should 
be noted that the observations made were confined to the line of traverse along 
John River, and the mountains in this part of the field not having been ascended, 
it is possible that the series may be overlain by or otherwise associated with rocks 
younger than those described above. The great thickness and probable extent of 
the Fickett series (to be noted later) to the north of the Skajit formation, makes it 
not unreasonable to suppose that members of this series may occur on the south side 
of the Skajit anticlinorium, but this point must be determined by future investigation. 

Correlation. — ^The Totsen series can be correlated in a tentative way, on lithologic 
grounds, with the Lake quartz-schist <* of Chandlar River. It is less evidently of 

aSchrader, P. C, Reoonnntfiice along the Chandlar and Koyukuk riven, Alaska: Twenty-flnt Ann. Bept. U. 8. 
Oeol. Survey, pt 2, 1900, p. 474. 
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sedimentary origin, is more micaceous, and contains much less quartz and more 
greenstone-schist, of igneous origin. In some localities, however, it very much 
resembles the more altered phases of the schists to the east of the Koyukuk, in the 
Slate Creek diggings, which also have been correlated with the Lake quartz-schist of 
Chandlar River. That the Totsen series extending beneath the younger formations 
in the Koyukuk Valley maj^ connect with the Slate Creek schists is not improbable, 
especially since the Bergman series, which occupies a large part of the intervening 
Koyukuk Valley, seems to rest unconformably upon both* 

BTUVER SEBIBB^ ( PRB-DEVONIAN) . 

Character a/nd occurrence, — ^The next of the older groups of rocks to be consid- 
ered is the Stuver series, comprising the oldest rocks exposed in the northern portion 
of the Endicott Range, and apparently forming the core of the north axis. (See 
section on PI. III.) The rocks of this series are principally conglomerates, with 
interbedded layers of quartzite, which toward the top pass into slate and shale. 
The pebbles composing the conglomerate are practically all siliceous and consist 
of black, slate-colored, red, green, and bluish flint and milty-white quartz. They 
range in size from less than an inch in diameter to cobbles, and in a few instances 
approa(*.h bowlderets. The cement is siliceous, usually dense, and often contains 
grains of cryptocrystalline or aphanitic silica, undoubtedly derived from the same 
parent rock as the pebbles. Great force is required to break the rock with the 
hammer, and, when broken, the fracture plane is almost invariably found to take a 
direct course, traversing any pebbles, though perfectly sound, that may lie in its path; 
in fact, the cementation is so firm as to form of the conglomerate, as a whole, a rock 
substantially as hard as the hardest flint pebbles that are included in it. 

The various colors of the pebbles in the conglomerate make it a very conspicuous 
rock, so that it is easily recognized where its fragments occur in Pleistocene and 
intervening formations. These fragments are conspicuous in the Lower Carbonifer- 
ous rocks succeeding the Lisbume series, and are also represented in the Lower and 
Upper Cretaceous and in the Tertiary formations. No one of the parent rocks from 
which the various types of flint pebbles of the Stuver series have been derived has 
yet been observed. The specimens found in the placer mining gulches to the 
northeast, on the west side of the Koyukuk, and referred to by the prospectors as 
** emerald" and ** adamant," probably represent flint pebbles derived from the Stuver 
conglomerate. 

The interbedded quartzites in the Stuver series are medium grained and excep- 
tionally hard and siliceous, and are usually of a gray or sometimes a pinkish or red- 
dish color, while the slate is dark. 

a The name applied to this aeries ia taken from Mount Stuver, Bitaated east of the Anaktuvnk, and named for a 
member of the party. 
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Where best exposed between the two limestone areas of the Lisbume formation 
to the north of the Anaktuvuk, the Stuver series, forming the lower part of the 
longer limb of an anticline, dips southward at an angle of 30^ and passes beneath the 
limestone of the Lisburne formation. The relation of the two formations imme- 
diately at the contact is concealed by talus, but near by begins an exposure which, 
extending for several miles along the front of the mountains, shows the Lisburne 
formation dipping southward at an angle of 20^, this dip being but 10° less than 
that of the Stuver series, which, as it nears the Lisburne formation, gradually 
decreases southward. From this it is inferred that the Lisburne, where not faulted, 
probably rests conformably on the Stuver series. If any unconformity exists, it 
must be very slight. 

As shown on the geologic map (PI. Ill), the exposure of the Stuver series is 
limited to a narrow belt, about 5 miles in width, that trends eastward for an unknown 
distance from the Anaktuvuk Valley, lying between the eroded edges of the Lis- 
burne formation. The series is also supposed to form the bed-rock floor of the 
Anaktuvuk Valley, beneath the glacial drift, from the north edge of the mountains 
for a distance of 10 to 12 miles southward, to near the southern edge of the Lisburne 
formation. There are some small exposures of its upper member beneath the 
Lisburne along the base of the mountains on both the east and the west side of the 
valley, while on the south it has probably been brought into contact with the Lower 
Carboniferous of the Fickett series by faulting. Both here and at the north edge of 
the series the faulting seems to be normal. 

Struci/wre, — ^To convey a clearer conception of the controlling conditions here, it 
should be noted that the Stuver series lies in an east-west zone that exhibits the 
most marked geologic disturbance of the region. Pronounced faulting extends 
southward into the range for a distance of 15 to 20 miles from its seaward face. 
This zone extends along the crest of the divide between the Yukon and Arctic coast 
drainages, in the region at the head of John and Anaktuvuk rivers, and at the southern 
part of the great crescent formed by the north front of the Endicott Range. The 
beds in a general way retain the east-west trend noted in the older Skajit and 
Totsen series. Roughly considered, the uplift, which, judging from sediments in the 
post-Paleozoic rocks and the unconformable relations of these to the Paleozoic rocks, 
seems to have been going on since middle or late Paleozoic time, apparently took 
place in the form of a broad anticline, whose longer limb extends with gentle slope 
southward and whose shorter limb forms in part the north front of the range. Eleva- 
tion was accompanied by faulting. The thrust or movement came from the south 
and apparently produced an overturned fold in the terranes forming the crest of the 
anticline. The faulting which accompanied this movement broke the beds into 
several great fault blocks. Erosion followed, which finally brought the Stuver 
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series to view along the axis of the fold. These are apparently the lowest and oldest 
rocks exposed in the northern part of the range. 

Toward its northern limits and the crest of the fold, as has been noted, the 
Stuver series dips southward at an angle of 30^. But still nearer its northern 
limits, practically at the crest of the fold, the beds have been strained, bent down- 
ward, and broken, and finally terminate in a well-defined fitolt scarp, as shown in the 
section on PI. III. This scarp trends a little south of east and is visibly pronomiced 
for at least 5 or 6 miles. Along this distance, in the higher part of the mountains, 
the edges of the broken, hard conglomerate beds forming the scarp are distinctly 
exposed, generally dipping about 30^ S., while at a lower elevation along the face 
of the scarp the broken-off portions of the same strata have dragged behind along 
the lower face of the scarp and stand nearly on edge, dipping northward at an angle 
of 80^. These nearly vertical beds of the Stuver series are met at the contact on the 
north by the limestone of the Lisburne formation, which dips south at an angle of 
75^ to 80^. (See section on PL III.) The contact of the two formations thus forms 
a reentrant angle of 25^, opening upward. 

The conglomerate of the Stuver series, toward its north edge and along the fault 
scarp, is intersected by two systems of jointing about equally pronounced. One 
system trends east and west, with dip vertical; the other nearly north and south, 
with dip to the east at an angle of 80^. On the top of a low mountain along the edge 
of the scarp the same hard conglomerate is finely laminated by a well-marked 
cleavage trending N. 60^ E. and dipping northwestward at an angle of 45^. 

No estimate can be formed of the thickness of the Stuver series, as its lower 
limits are unknown. The exposed portion shows a thickness of at least 2,000 feet. 

Age. — ^The Stuver series, from its position underneath the Lisburne series, which 
on paleontologic evidence is considered to extend to below Middle Devonian, is 
certainly not younger than Lower Devonian, and it is regarded as probably pre- 
Devonian. 

Corrdation. — No other Alaskan rocks with which it may be correlated are known 
to the writer. Sediments, notably of fine conglomerate, containing materials similar 
to those forming the conglomerates of the Stuver series, have been noted in the 
Mission Creek series of the Yukon district; but probably these, like the sediments 
derived from the Stuver series and now found in the Tertiary and other formations 
on the Arctic slope, have been many times deposited and reworked since they were 
derived from their original source. 

LIBBUBNK .FORMATION (dSVONIAK). 

ChxTOCter cmd occurreTice. — Lisburne formation is the name here employed to 
designate the limestone, with some shale, occurring next above the Stuver series at 
the head of Anaktuvuk River. The name is taken from Cape Lisburne, where 
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apparently the same formation, consisting of limestone and shale, occurs. On the 
Anaktuviik the formation occupies a belt 15 or more miles in width, extending 
north and south along the valley. Toward the west the belt narrows and appears to 
soon be delimited on the southwest by the fault scarp of Contact Creek, and, farther 
west, by the Carboniferous of the Fickett series; while to the east of the Anaktuvuk 
it seems to widen. The westward extension of the formation may, however, some- 
what exceed that represented on the map before it disappears beneath the Carbonif- 
erous, for the mountains south of Contact Creek were not ascended. 

Where examined along Contact Creek, the north side of the valley for several 
miles consists of a steep wall, or fault scarp, of the Lisburne limestone, similar to 
that forming the scarp along the Anaktuvuk Valley on the east; while the rocks 
directly opposite, on the south side of the valley, less than three-fourths mile distant, 
are Carboniferous quartzite and conglomerate of the Fickett series. Northwest of 
this locality, however (as shown in PL IV, B^ a view looking westward from the 
south edge of a Lisburne fault block near Contact Creek), the Lisburne, still forming 
the crest of the axis, with an elevation of about 6,500 feet, is less disturbed. The 
beds on the right, which show a marked increase in shale at the expense of the lime- 
stone, dip northward toward the base of the range, while farther west the Lisburne 
seems gradually ta disappear beneath the Fickett series as a broad anticline, with the 
longer limb sloping gently southward and the shorter dipping more steeply north- 
ward, and probably playing an important part in forming the steep north front of the 
range, as has been shown to be the case to the east of the Anaktuvuk Valley. 

In the foreground of PL IV, B^ the Lisburne extends all the way across the 
field from left to right, but the sculptured cirque topography forming the top of the 
mountains in the left background lies in the slate and quartzite of the Fickett series, 
which, to the northwest, seems to overlie the Lisburne and form the crest of the 
range, and probably also descends the north slope and underlies the Mesozoics of the 
Anaktuvuk Plateau at the north base of the mountains. 

The rocks of the Lisburne formation may be characterized for the most part as 
medium-bedded semicrystalline limestone of impure white or gray color. They 
weather gray, light rusty brown, or chocolate. They form the mountains that rise 
to a height of 2,500 to 3,000 feet above the floor of the Anaktuvuk Valley. Near 
the summit (see PL X, B^ and fig. 4) occur two beds of intercalated shale, each 
apparently several hundred feet thick, and containing some thin layers of dark-gray 
limestone. 

On the east the extent of the formation is unknown. On the south it is appar- 
ently in contact with the Carboniferous, while in descending the slope of the moun- 
tains on the north it disappears beneath a mantle of glacial till, where, judging from 
the topography, it is probably soon met and overlain by Mesozoic strata, which prob- 
ably rest unconformable^ upon it at this point. (See. fig. 4, p. 51.) 
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Judging from exposures observed in the region of the Anaktuvuk, the thickness 
of this limestone formation is probably a little over 3,000 feet. 

Structure, — The entire area of the Lisburne formation here considered is deeply 
involved in the system of faulting and disturbed blocks referred to under the head- 
ing '^Stuver series." As viewed from the Anaktuvuk Valley, looking either east 
or west (see section on PI. Ill; also fig. 4 and PI. X, B)^ the Lisburne series reveals 
but little of the disturbance it has undergone. On the southwest, however, toward 
Contact Creek, the rocks have been folded and broken into blocks, which in some 
instances are highly tilted. The fault on the west side of the Anaktuvuk, shown on 
the right of fig. 4, probably represents the westward extension of the same fault 
that gave rise to the scarp along the northern edge of the Stuver series, which series 
however, has not h^re been brought to view. At the north base of the mountains, 
west of the Anaktuvuk, the Lisburne formation disappears beneath the covering of 
glacial diif t with a dip of 60° to the north. East of the Anaktuvuk it similarly dis- 
appears beneath the drift, but with an opposing dip at an angle of 75° S., against 
the fault scarp of the Stuver series, as shown in the section on PL 111. Between 
these two localities the Stuver series probably attains a steep westerly dip, of which 
there is some suggestion along the north edge of the valley, or a portion of the val- 
ley may be traversed by a north-south fault extending from the north edge of the 
mountains to the southern limits of the Stuver series. 

In certain localities, notably on the south side of the Anaktuvuk, the Lisburne 
IS cut by a close jointing, trending N. 27° E., with dip southeast-east at an angle 
of 85°, dividing the rocks into thin slices from 2 to 8 inches in thickness. 

There can be but little doubt that the faulting between the Lisburne and the 
Fickett series continues eastward and connects with that along the southern edge 
of the Bettles series, on Koyukuk and Chandlar rivers. Its aligrment with the 
boundary of the Bettles series, as located in a previous year's work,'' is shown on the 
geologic map, PI. III. 

Age. — ^The most convenient disposition to make of the Lisburne formation would 
be to include it with the Fickett series and call the group Carboniferous and Devonian, 
since both Carboniferous and Devonian fossils occur freely in the stream gravels of 
the upper John and Anaktuvuk rivers, and none of the fossils found in place were 
sufficiently well preserved for identification. On lithologic grounds, however, the 
Lisburne formation can be set apart as qu^te distinct from the Fickett series, which 
it also seems to underlie. Therefore, on the basis of the Devonian fossils found in 
detached fragments of rock on the surface of the formation near the top of the 
mountains, and on the lithologic similarity of the rock attached to these fossils to that 
of the Lisburne formation, the formation is provisionally referred to the Devonian. 

aSchrader, F. C, ReconnaLnance along the Chandlar and Koyukuk riyera, Alaska: Twenty-flist Ann. Rept. U. 8. 
Geol. Survey, pt. 2, 1900, pi. Ix. 
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The fossils from the Lisburne formation collected by the writer have been 
identified by Mr. Charles Schuchert as follows: 

Fomls of the LUbume formation. 
Locality 455. 

Productella (2 species). 

Platystoma. 

Zaphrentis. 

Fenestella. 

Unitrypa. 

Eridotrypa, nearly identical with E. barrandei (Nicholson) of the Middle Devonian. 
Localities 460 and 462. 

Spirifer disjunctus. 
Localities 496, 498, 499, 501, 523, and 524. 

Diphyphyllum (1 species). 
Locality 500. 

Zaphrentis. 
Locality 528. 

Aulocophyllum. 
Locality 533. 

Zaphrentis. 

Rhombopora. 

Fenestella. 

Hemitrypa. 
Localities 455 and 528 appear to be of one formation of the Middle Devonian. The species present 
suggest very much the Athabasca-Mackenzie Middle Devonian, collected many years ago by Kennicott 
and described by Meek in the Transactions of the Chicago Academy of Sciences. 
Localities 460 and 462. 

Spirifer disjunctus, one of the fossils characterizing the Upper Devonian. The same species is 
also found in the Peace, Hay, and Liard River regions of Arctic Canada. 
Localities 496, 498, 499, 501, 523, and 524. 

Diphyphyllum (1 species). This genus extends in America from the Upper Silurian to the 
close of the Middle Devonian, and will probably also be found in the Upper Devonian, so that, 
unsupported by other evidence, it does not indicate an exact horizon. This or a very similar 
species has been found at or near the mouth of Mackenzie River in Devonian rocks. 
Localities 500 and 533 are probably also of Devonian age. 

Correlation. — On lithologic grounds it appears that the Lisburne formation can 
safely be correlated with th6 medium-bedded, unsheared limestone portion of the 
Bettles scries, which is best exposed near the mouth of Bettles River, on the 
Koyukuk," and it probably continues to the head of Chandlar River. Thus this 
limestone formation extends from the region west of the Anaktuvuk eastward 100 or 
more miles, and the presence of Devonian still f|trther eastward, to the north of the 
Chandlar, is rendered highly probable by a few* fossils dbtlected from the Chandlar 
River gravels in 1899 by the writer.* These, fossils, #n8t of which follows, were 
identified by Dr. George H. Girty, whose statements thereon are here inserted. 

aSchrader, F. C, Reconnaissance along the Chandlar and Koyukuk rivers, Alaska: Twenty-first Ann. Rept. U. S. 
Geol. Survey, pt. 2, 1900, p. 476. 
6IbJd. 
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Paleozoic fossils from the Chandlar River gravels. 

Locality 211. Indetenninable. 

Locality 22. Syringopora sp. 1. 

Locality 2. Syringopora sp. 2. 

Locality 47. Spirifer, disjunctus type. 

Locality 5. Cyathophylloid coral. 

Locality 203. Crinoid stems. 

Syringopora^ so far as known, is not found above the Carboniferous; therefore 22 and 2 can be 
referred, with little doubt, to the Paleozoic. 

The spirifer of locality 47 represents a type which is not found below the Devonian, and is, in a 
measure, restricted to rocks of that age. This spirifer can pretty safely be referred to the Devonian, and 
if, as I suspect, the form is Sp, disjunctus itself or one of its close allies, probably to the Upper Devonian. 

The coral found at locality 5 probably belongs to the genus Acervularia. The age indicated is 
certainly Paleozoic, apd probably Devonian. 

The crinoid fragments found at locality 203 indicate nothing positive as to age. From their 
character and abundance I should be inclined to determine the horizon as Paleozoic. 

It should also be noted that the trend of the series continued still farther east- 
ward, beyond the Chandlar River Basin, strikes the Porcupine near the Lower Ram- 
parts, where Devonian forms were collected by Kennicott,^ and where Mr. McCon- 
nell, of the Canadian geological survey, reports the limestone to yield such fossils 
as Atrypa reticularis^ with fragmentary specimens of corals referable, in part at 
least, to the Devonian.* It seems highly probable that the Lisbume formation may 
also be correlated with the similar limestone and shale formation occurring at Cape 
Lisbume, which, though nearly 400 miles distant, undoubtedly represents the west- 
ward continuation of the same mountain axis. (See PI. V and fig. 1, p. 40.) This sug- 
gestion is based, in a measure, on the statements of different persons who have found 
Paleozoic fossils in the Cape Lisbume region, and more especially on the recent 
reports of Mr. H. D. Dumars and Mr. A. G. Maddren. The fossils collected by 
Mr. Dumars in the region, with notes by the collector, have been presented by Mr. 
Maddren to the United States National Museum, where they have been examined 
-by Mr. Schuchert, whose communication on them to the writer is as follows: 

Paleozoic fossils from the Cape Lisbume region. 

There is an interesting coral &mna of Middle Devonian age from '' limestone cliffs 4 miles south of 
Cape Lisbume, just south of the mouth of a considerable stream, where the rocks strike east and west, 
and dip south at 45'' " (Dumars) . This limestone contains — 

Endophyllum, 2 species. 

Syringopora, near S. tabulata. 

Syringopora, near 8. perelegans. 

Diphyphyllum, near D. simcoense. 

Diphyphyllum, near D. stramineum. 
. Zaphrentis, probably 2 species. 

This limestone appears to be the same formation as that discovered by you last summer [at head 
of Anaktuvuk River] at localities 496, 498, 499, 501, 523, and 524, but more particularly at 455 and 528. 

aTiana. Chicago Academy Sci., toI. 1, 1867. b Ann. Rept. Oeol. Survey Canada, new series, vol. 4, 1890, p. 1S3 D. 
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In his field notes referring to this locality Mr. Maddren states that the lime- 
stones forming the cliffs referred to contain corals and other fossils and also veins of 
calcite. Fig. 1 (p. 40) is a profile section of the limestone and shale as sketched 
by Mr. Maddren at a locality a short distance south of the point where the fossils 
were found in place. The section includes Cape Lewis and Cape Dyer. So far as 
known, however, no fossils were found in the limestone represented in it. Cape 
Dyer is described as the sea terminus of a limestone range, about 1,000 feet in 
height, which trends inland in an easterly direction, the rocks striking east and west 
and dipping 35*^ N. In the valley between Cape Dyer and The Ears there is said to 
be a syncline of shale containing an exposure of coal along a sea cliff that rises from 
50 to 100 feet above tide. The occurrence of coal here would seem to indicate the 
presence of some other horizon, probably Carboniferous or Mesozoic. According 
to Mr. Maddren the limestone beds at Cape Lewis also dip north and expose a 
thickness of 800 to 1,000 feet. 

We may also note that the Middle Devonian discovered by Mr. Spurr in south- 
western Alaska,^ in the Kuskokwim country, is considered by Mr. Schuchert as 
about the same as that on the Anaktuvuk. The same is true of the forms collected 
by Mr. Brooks in southeastern Alaska.* 

IHstrihutio7u — The thickness of the Lisburne formation in the mountains on the 
Anaktuvuk and at Cape Lisburne on the coast, and the important part it plays in the 
constitution of the Endicott Range and the continuation of these mountains westward 
to at least the one hundred and fifty -second meridian, as discovered by Howard,^ as 
well as the general regularity in the disjTOsition of the rocks, seem to render it 
highly probable that that formation is continuous between the Anaktuvuk and Cape 
Lisburne. Its lithologic resemblance to the limestones of the Bettles series on the 
Koyukuk^ and the Devonian fossils found by the writer in the Chandlar River 
district, and by Kenriicott and McConnell farther east on the Porcupine, would lead 
to the inference that the Lisburne formation, or at least the Devonian, forms a pretty 
constant component of this northern Rocky Mountain range from Cape Lisburne 
eastward throughout northern Alaska, for a distance of 600 or more miles, nearly to 
the international boundary and probably beyond it. 

FICKETT SERIES (CARBONIFEfiOUS). 

Character and ocaicrrence, — The Fickett series, so named from the Fickett River of 
Allen (now called John River), comprises rocks of very diverse character, ranging from 

a Spurr, J. E., A reconnaissance in soathwestern Alaska in 1898: Twentieth Ann. Kept. U. S. Geol. Survey, pt. 7, 1900, 
p. 179. 

ft Brooks, A. H., Prellminao' report on the Ketchikan mining district, Alaska: Prof. PaperU. S. Geol. Survey No. 1, 1902, 
p. 21. 

cStoney, Lieut. George M., Naval Explorations in Alaska, U. S. Naval Institute, Annapolis, Md., 1900, p. 70. 

(fSchrader, F. C, Reconnaissance along the Chandlarand Koyukuk rivers, Alaska; Twenty-first Ann. Rept, 
U. 8. Geol. Survey, pt. 2, 1900, p. 475. 
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chioritic schidt^ and pbyllites on the south, through impure limestone, slate, aandstone, 
qiiartzite, and grit, to hard conglomerate on the north. As shown in the discussion 
of the Skajit, Totsen, Li.sbume, and Stuver series, the Endicott Mountains contain 
two geologic axes, a northern and a southern, both composed of the older Paleozoic 
rocks, and, as represented on the geologic map and section (PI. Ill), the Fickett 
series lies essentially in what appears to be a broad trough between these two 
axes. This trough or syncline. judging from the unconformity of the Fickett 
series to the Skajit and Lisburne formations, and the difference in character of the 
sediments, was probably occupied by an arm of the sea in late Paleozoic time, when 
the axes on the north and the south seem to have stood above sea level; and the 
sediments of the Fickett series, judging from their calcareous content, were probably 
in part derived from these Paleozoic land areas. 

Here the Fickett series has a width, or north-south extent, of about 5() miles. 
On the south its edges appear to rest unconformably on the eroded Skajit forma- 
tion of the southern axis, as shown in the geologic section, while owing to the fault- 
ing at the head of John and Anaktuvuk rivers its relations to the older rocks of the 
northern axis are not definitely revealed. It seems, however, to meet the Stuver 
series and the Lisburne formation by fault contact, as has been indicated. To the 
north of this contact, so far as observed in the region of the Anaktuvuk, all trace of 
the series in place seems to have been removed by erosion. To the west, however, 
lK;yond the limits of the fault-block system of the Devonian, about 20 mile^ from the 
Anaktuvuk, it seems to overlie the Lisburne formation, and probably extends beneath 
the Mesozoics at the north l)ase of the range. From the occurrence of Carboniferous 
fossils in the stream gravels it is inferred that the same conditions probably prevail 
to the east of the Anaktuvuk, but they have not thus far been actually observed. 

Beginning on the south slope of the north axis of the range, the lower part of 
the Fickett series, as it seems to be, consists of dark shale, schistose slate, and appar- 
ently some dark limestone, which is succeeded by quartzite, grit, and conglomerate. 
The sediments in the quartzite, and more especially those in the grit and conglom- 
erate, though they are often fine, boar a marked resemblance to the vari-colored 
conglomerate of the Stuver series, from which they seem undoubtedly to have been 
derived. The quartzite, grit, and conglomerate are hard and flinty, the grains and 
pebbles being thoroughly united b}' a siliceous cement. The best exposure of these 
rocks that was seen is that at Fork Peak, on John River, east of camp July 12, from 
which point for about 15 miles northeastward, to beyond the Anaktuvuk portage, 
they present a steep face to the northwest, overlooking the upper part of John River 
Valley. Here the dip is gently south or southeast. Apparently these same conglom- 
erates and gritw were also encountered in the lower reaches of a deepl}^ cut gulch 
about 20 miles south of Fork Peak, west of the mouth of Hunt Fork. Toward 
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the top of Fork Peak the grit and quartzite give way to dark schistose slate and 
dark-gray micaceous sandstone. 

Southward, at a geologically higher horizon, gray sandstone, limestone, gray 
schist, some quartzitic schist, slate, and conglomerate are encountered. These rocks 
are medium layered, variously interbedded, and more or less sheared. In the region 
of Hunt Fork a dark-gray or bluish schistose sandstone and soft slate become 
predominant. Apparently ascending in the column, still farther southward, the 
rocks become for the most part very fine-grained gray or bluish quartz-schist, with 
finally greenish chloritic schist and slate, which continues to the southern edge of 
the series, where it rests unconformably on the Skajit limestone formation. The 
quartzitic schist and the green chloritic schist often carr}' considerable quartz in 
small veins and stringers, trending more or less parallel with the schistosity and 
the bedding. But exceptions occur, as shown in PI. XI, A^ where a species of 
gash veining breaks across the bedding. This quartz frequently is most abundant 
in the bights of sharp folds and along lines of strain and breaking. So far as 
observed, the veins carry no valuable metals. 

Besides the above- noted rocks, light-gray and dark or black limestones, appar- 
ently belonging to the series, but not met in place along the route traversed, were 
sighted and studied with the field glass both southeast and southwest of Fork Peak. 
These limestones, judging from the resemblance to the specimens found in the 
stream gravels, are the mother rocks of the fossils occurring so abundantly' in 
the streams. Their position in the geologic section seems to be above the con- 
glomerate, grit, and quartzite portion of the section and near the dark schistose 
slate and dark-gray micaceous sandstone, as shown to some extent in PL VII. 

Structure. — ^The Fickett series, like the other Paleozoics of the range, has been 
subjected to faulting and folding, incident to mountain building. The general 
structure, however, seems to be monoclinal, with strike and trend east and west and 
dip south at angles of 20^ to 45*^. The dip may vary, however, from southeast 
in some localities to southwest in others, while in certain cases the rocks lie nearly 
horizontal or dip very gently north. The prevailing southerly dip of the series as 
a whole seems to point to a greater and probably later elevation in the northern 
than in the southern part of the range since the Fickett was laid down. 

The series is finely cut in some localities by the major nearly northeast-south- 
west jointing, whose planes are frequently slickensided and usually dip 70^ to 
80^ NW. Slight movement, or normal faulting, has frequently taken place along 
them. The rocks are also traversed by a secondary set of joints, trending nearly 
northwest and southeast, with dip nearly vertical, or in some instances 60° to 
80° SW. 

The schists, and notably the slates, often exhibit excellent cleavages, a good 
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instunco of which is shown at Crag Peak, 10 miles south of Hunt Fork and 41 miles 
west of John River. Here the cleavage trends N. 35' E. and dips northwest at an 
angle of 85 -. Four miles north of this point, on the west side of John River, 
occurs another good instance, in which the cleavage trends N. 70^ E., with dip to 
the north at an angle of 45^. Also where the river crosses the sixty -eighth parallel 
a cleavage is found trending east and west, with dip south at an angle of 30^. 

Agt\ — No fossils have ])een found in place in this series, but on the basis of 
abundant Lower Carboniferous forms obtained in the stream pebbles of the region, 
and the lithologic resemblance of these pebbles to the rocks of the series, and also 
from the relation of the series to the Lisburne formation (which is considered 
Devonian and seems to underlie it), the Fickett series is provisionally assigned to the 
Lower Carboniferous. Following is a list of the fossil forms collected by the writer 
within the area occupied by the series, largely on the headwaters of John and Anak- 
tuvuk rivers. They have been identified ])y Mr. Schuchert, who reports as follows: 

FoMiisfrom the Fickett series. 

Ijocality 403. Lithostrotion (of the KTOiip in which the corallites are not in close embrace). 

Locality 495. Spirifer striatus Martin, Productus scabricolos Martin, and Spirifer near S. neglectus 
Hall. 

Ix)cality 513. Prodactus scabricalus Martin. 

IxK*ality 520. Productus s»einireticulatu8 Martin. 

Locality 52L Spirifer striatufl Martin; Productufl, a very small undetermined species, and Cysto- 
dictya nean»8t to C. lineata. 

locality 522. Spirifer striatus Martin and Fenestella. 

Ix)cality 525. Spirifer striatus Martin and Spiriferina cristata Schlotheim? 

Locality 534. Streblotrypa near nickleei Vine; Fenestella, several species, one of which is near F. 
cestricnsiH Ulrich; Cy8t<.Mlictya, Pinnatopora, and Rhombopora. 

The alx)vc eight hx^alities represent one formation, in the upper portion of the Lower Carbonifer- 
ouH. This fauna, however, is unlike that of the Mississippi Valley in that it does not have its charac- 
terizing fossils, a.s the screw-like bryozoan ArchimedcH and the blastoid genus Pentremites, 
parisons must \ye deferretl until larger collwtions are at hand. 

Ix>ealiti(^ 497 and 529 have a Syringojwra much like S, muUaUenuata of the Upper Carboniferous. 
This genuH, however, has little stratigraphic value, but the development of the spetnes present is 
indicative of Carb<)niferous. 

liocalities 511, 51 S, and 454 are represented by a crinoidal limestone, apparently the same as at 
localities 525 and 521 and i)njbably from the horizon of the latter. 

L<M'alities 463 and 4(J4 represent another horizon, since the lithology is quite different from any of 
tlie other lix^alities. The only fossils present are large crinoidal columns like those of the Lower Car- 
lx)niferoiis. 

Locality 401 also has large crinoid columns and may represent the Lower Carboniferous. 

The alcove localities probably all represent the same Lower Carboniferous fonnation as that of 
the specimens from localities 493, 495, 513, 520, 521, 522, 525, and 534. 

Locality 519 has Fenestella, Cytttodictyn f and crinoid columns. The material is unsatisfactory 
and all I can do is to state that it indicates either Devonian or Carboniferous. 
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In referring the series to the Lower Carboniferous, however, it should be borne 
in mind that the fossils were nearly all found in the northern part of the field, where 
they have apparently come from near the lower part of the section, and since the 
series is possibly 8,000 to 10,000 feet in thickness, it may extend not only into 
Upper Carboniferous but possibly into Lower Mesozoic. 

Correlation. — Carboniferous fossils have been collected by Spurr^ and Collier 
on the Yukon above Circle, by Mendenhall and the writer in the northern part of 
the Copper Basin, and by Dall in southeastern Alaska, on Kuiu Island, but these all 
seem to be Upper or Permo-Carboniferous, and therefore afford no ground for close 
correlation of the rock occurring there with those of the section here considered. 

Independent of paleontologic evidence, on purely lithologic grounds, some of the 
gray schist, sandstone, and limestone beds of the series toward the northern part 
were associated by the writer in the field with the West Fork series of Chandlar 
River,* which is regarded as possibly the source of some of the Paleozoic fossils 
found in the river gravels below that point, and which has been relegated by 
Doctor Girty to Carboniferous or Devonian. 

Carboniferous forms are reported to have been collected on Captain Beechey's 
voyage,^ 1825-1828, on the northwest coast between Cape Beaufort and Cape Thomp- 
son (see PI. V). More recently, in the Cape Lisburne region, plant remains have 
been collected by Mr. Dumars which have been identified by Mr. David White as a 
small species of Lepidodendron^ related to Z. chemungense^ and a small form of 
Stigmaria ficoides^ indicative of Carboniferous age. This denotes at least the 
presence of Carboniferous rocks in the Cape Lisburne region, which, on future 
investigation, may be correlated with the Fickett series, and suggests that the rocks 
of the two regions may be continuoas in the mountains lying between them, as the 
Devonian is supposed to be. (See p. 66.) 

In fact, if topographic criteria be taken into account — namely, the continuation 
of the mountains eastward beyond the international boundary — with what has been 
said of the occurrence of the Lisburne formation, it may here be briefly stated, in 
concluding the subject of Paleozoic rocks, that the present exploration, together 
with the evidence previously collected in the region to the east and that to the 
west, toward Cape Lisburne, seems to indicate beyond question the extension of 
a well-developed belt of Paleozoic rocks across northern Alaska, coinciding with 
the trend of the Rocky Mountains from the one hundred and thirty-fifth meridian, 
near the Mackenzie, to the one hundred and sixty-sixth, at Cape Lisburne, a distance 
of nearly 1,000 miles. 

aSpurr, J. E., Oeology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Surrey, pt. 8, 1898. 
frSchrader, F. C, Reconnaissance along the Chandlar and Kojmkuk rivers, Alaska: Twenty-first Ann. Rept U. S. Oeol. 
Survey, pt. 2, 1900. 

Voyage of Captain Beechey io the Pacific and Behring's Straits, London, 1886, pp. 878-406. 
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In the Cape Lisburne region, as noted, the belt has a known width of nearly 75 
miles and the rocks terminate in abrupt sea cliffs. The thickness of the section here 
is not known, but from what has been learned of the attitude of the rocks, it is 
judged to be considerable, since nowhere do older rocks appear to be exposed beneath 
these Paleozoics; from which it seems safe to infer that the latter probably extend 
far seaward as a submarine feature; and as this part of the ocean is known in the 
main to be shallow, it seems not unlikelj'^ that the same formations may extend across 
its floor and appear on the Sil)erian coast. It may be noted, however, that Doctor 
Dall, who visited this coast, reports that the rocks on portions of it are essentially 
crystalline or igneous. Some lignite occurs on Wrangell Island, but we do not 
know that Paleozoic or other formations occur there. 

MESOZOIC ROCKS. 

CORWIN 8ERIE8 (JURA-CRETACBOUS). 

Character and occurrence, — The name Corwin is proposed for a series of sedi- 
mentary rocks which are younger than the Fickett series and older than the Anak- 
tuvuk series (next to be described). The name is taken from Corwin Bluff, in the 
Cape Lisburne region (see PI. V), where the well-known coal mines of this name are 
located, and where rocks typical of the series are well exposed. 

The rocks in the main have a strong lithologic resemblance to the Anaktuvuk 
series, and seem to be closely related to it in geographic and stratigraphic position, 
but as they are not known to oc<jur in the interior along the route followed by 
this traverse, they will not be found represented on the geologic map nor in the 
geologic section. However, sufficient has ])een seen of the rocks along the coast from 
Wainwright Inlet to near Cape Lisburne to lead to the inference that they probably 
form a part of the trans- Alaskan Rocky Mountain system; and on topographic, 
geographic, and lithologic grounds, as shown in what follows, it has been con- 
cluded that they are intermediate between the Fickett and Anaktuvuk series, a view 
which is also supported by paleontologic evidence. The series contains the Wain- 
wright, Cape Beaufort, Thetis, and Corwin coals, most of which are of good grade. 
The inland extension of the series is also further suggested by the occurrence of cx)al 
on the Colville, reported by Howard and by Reed (see p. 31). 

As observed along the coast, the Corwin series seems to extend from near Wain- 
wright Inlet, latitude 70*^ 37', longitude 159° 45', southwestward a distance of 180 
miles or more, nearly to Cape Lisburne (see PI. V). Beyond this point, farther 
inland, it seems to give way with marked unconformity to the Paleozoic rocks 
forming the core of the mountains terminating in the sea cliffs at Cape Lisburne and 
the coast south of that point (fig 1, p. 40). 
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The series was first examined by the writer in the low coastal bluffs near Wain- 
wright Inlet, where the rocks consist of layers of dense, earthy-colored or dark-gray, 
soft, impure limestone or calcareous shale, and hard, bluish gray sandstone of 
medium grain, all interbedded with dull-bluish, softer shale. Here the land mass, 
composed in the main of these roc*ks, rises about 90 feet above sea level, and presents 
a nearly flat or very gently undulatory surface extending as far as can be seen. 

Cape Beaufort (see PL V) marks the southern termination of this ver}^ gently 
undulatory or nearly flat lowland, which extends southwestward from Pohit Barrow, 
and which is underlain by rocks belonging, in part at least, to the Corwin series. 
As we near Cape Beaufort, in proceeding southward, the surface soon rises by a 
succession of low, minor ridges, of which the cape itself is the chief. This ridge 
is about 800 feet high, and is a portion of a warped and dissected plateau extending 
inland to the southwest (see PI. X, C). The rocks of this plateau, though resembling 
the Corwin series, seem distinctly more indurated and bear the stamp of greater 
age. For this reason it is tl^ought that they may, on further research, prove to be as 
old as Triassic or possibly Carboniferous, especially since Carboniferous fossils are 
reported to have been found somewhere in the region. For the present, however, 
the Cape Beaufort rocks are regarded as part of the Corwin series. 

At Cape Beaufort the rocks consist essentially of thin-bedded, impure, gray and 
brown sandstone and arkose, with sometimes a little conglomeratic material contain- 
ing lignitic plant remains. The sandstone is occasionally hardened, almost to 
quartzite. There is also some very impure limestone, and some coal. 

Farther west, in the region of Cape Sabine (see PL V and PL X, C)^ considerable 
shale is also known to occur ; and still farther west, in the region of the Corwin coal 
mines, the rocks, as exposed in the beach bluff, are mainly soft, impure, dull-greenish, 
gray, or brownish sandstone, shale, slate, and coal. Some more typical hard, gray 
sandstone, however, is also present. In general, the rocks occur in thin beds, from 
1 to 2 feet in thickness, but occasionally there are layers 4 to 8 feet thick. These 
heavier members are usually sandstone. 

Structure. — Excepting the tilt which the beds have received by uplift, giving 
them a general southerly dip varying from a very low angle to 40^ or more, they 
have been but little disturbed. Some folding, however, and apparently slight fault- 
ing have taken place. 

In the lowland near Wainwright Inlet the rocks are nearly horizontal or dip 
very gently southeastward. At Cape Beaufort the strike is N. 25° W., with dip 
southwestward at an angle of approximately 20°. In the region of the Corwin 
mines the strike is N. 45° W., and the dip 36° or more southwestward. Here the 
rocks are also cut by two systems of jointing, trending nearl}^ at right angles. The 
one trends nearly northeast and dips northwest at an angle of 60° to 70°, while the 
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other trends nearly northwest, approximately parallel with the strike of the rocks, 
and dips northeastward at an angle of 60^ to 70^. These jointings, however, do not 
cut up the rock greatly, not nearly so much as do those in the Lower Cretaceous 
rocks of the Anaktuvuk series in the interior. 

Age, — Remains of fossil plants found in the Cape Beaufort region, and more 
particularly in the shale near the Thetis mine at Cape Sabine, by Mr. Dumars, Mr. 
Woolfe, and others, have been identified'* by Professor Fontaine and Doctor Ward as 
not older than the Oolitic of the Jurassic, nor younger than the Lower Cretaceous, 
and as probably transitional between the two. Similar evidence is afforded by 
fossil plants collected by the writer on the coast about 7 miles southwest of Wain- 
wright Inlet, which have been identified by the same authorities as — 

Nageiopsis longifolia Font. 

Older Potomac of Virginia (Lower Cretaceous). 
Podozamites distantinervis Font. 

Older Potomac of Virginia (Lower Cretaceous). 
Baiera gracilis (Bean) Bunbury. 

Oolite of Yorkshire, England (Jurassic). 

On the above evidence, therefore, the Corwin series is provisionally assigned to 
the Jura-Cretaceous. 

Correlation. — Except the Kennicott* formation in the Copper River district, no 
Jura-Cretaceous rocks with which the Corwin series can be correlated have thus 
far been found in Alaska. 

ANAKTUVUK SERIES (LOWER CRETACEOUS). 

Character and occurrence, — The Anaktuvuk series takes its name from the native 
name of the river along which it was observed by the writer. It underlies the 
southern or principal part of the very gently rolling Anaktuvuk Plateau, along 
the north side of the Endicott Range, whence, with surface sloping gently northward, 
it continues to form the country rock for a distance of about 60 miles, where it is 
succeeded by younger rocks. 

Along the base of the mountains the series, judging from the topography (see 
PI. IV), is believed to rest unconformable^ on the Devonian, or Lisburne formation. 
Of this, however, we have no conclusive evidence, as the actual relation between the 
two rocks was not seen, because of the covering of glacial drift. The first exposure 
of the series visited by the writer is about 8 miles from the mountains. 

To the east the Anaktuvuk series is probably soon limited by the Paleozoic front 
of the range, while to the west and northwest it probably constitutes in part the 



a A full deflcription of these collections, Including the forms collected by the writer, will appear in Doctor Ward's second 
paper on the Older Mesozoic floras, to be published by the U. S. Geological Survey. 

bSchntder, F. C, and Spencer, A. C, Geology and Mineral Resources of a Portion of the Copper River District, Alaska 
(a ipedal publieatioxi of the U. 8. Geol. Survey), 1901, p. 48. 
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so-called Meade River Mountains, and, continuing northwestward, ma}'^ extend to 
the Arctic coast. ' 

The series consists essentially of impure sandstone or arkose, with a little tine 
conglomerate. The sandstone is usually heavy bedded, beds 6 to 8 feet in thickness 
being common, and it is generally fine to medium grained, but in some localities 
becomes so coarse as to be almost a grit. In color it ranges from dark or bluish gray 
to dirty greenish, while the coarser gmined rock often presents a speckled or salt- 
and-pepper appearance, and is seen to be composed of grains of the variously colored 
flints represented in the Stuver conglomerate. In fact, the color of the rock through- 
out seems to be determined largely by the relative abundance of the different colored 
sediments from the Stuver series. 

Northward from the mountains the rocks, though distinctly sedimentary, contain 
also some detritus of igneous rocks, as fragments of feldspar and some dark mineral, 
apparently augite or hornblende. The igneous rocks from which such sediments 
have been derived probably occur in the mountains lying far cast or southeast of the 
plateau, as none were observed in the mountains in the region of the Anaktuvuk. 

Conglomerate is apparently rare in the series, having been observed at but a 
single place — on the right bank of the Anaktuvuk about 2 miles below the mouth of 
Willow Creek, where it is exposed in a low point, interbedded with a few lens-like 
layers of sandstone. The conglomerate is typically rather fine, with scarcely a 
pebble exceeding three-fourths of an inch in diameter. The pebbles and cement are 
composed largely of sediments of the Stuver series, white quartz and dark or slate- 
colored flint being the most conspicuous. The pebbles are noticeable for their 
angularity, suggesting glaciation about the time the series was deposited. The 
cementation is relatively firm for a young rock, but is not comparable with that in 
the Stuver or Fickett series. The cement is mainly siliceous, but contains also 
calcareous material, probably derived from the Lisburne formation. 

Owing to the low relief and the covering of drift and moss, no accurate idea 
can be formed of the thickness of the Anaktuvuk series, but it is estimated to be 
at least 2,000 feet. 

Structure. — The strike of the Anaktuvuk series is approximately east and west, 
agreeing in this respect with the several series of rocks that compose the range to 
the south. Broadly considered the structure seems monoclinal. The rocks in 
general dip gently northward at varying angles, but subordinate gentle anticlinal 
and synclinal folds are present, the latter being occasionally open. These were 
probably caused b}' the same mountain-building forces that were exerted in the range 
to the south. This is suggested by the fact that the trend of the more pronounced 
folds in the plateau is parallel with the main folding of the range, as if all l)elonged 
to the same system. Besides the east-west major flexures, the plateau is also 
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traversed by a subordinate or minor system of cross folds or warpinj^s, with axes 
trending north and south, giving rise to occasional low domes, as shown in fig. 3 
(p. 40), which also shows that the region has been subjected to considerable denudation. 

The series is freely traversed by two systems of jointing, as shown in PI. XI, B. 
Of these, what .seems to be the dominant or major system trends nearly northwest 
and dips southwest at an angle of 80^, while the minor system traverses the rocks at 
nearly right angles to the major, trending northeast, with dip 80^ SE. Both 
systems seem to roughl}' correspond in trend with the similar structures in the 
Paleozoic rocks in the mountains to the south. 

Age. — It has l)een determined, on paleontologic evidence, that the Anaktuvuk 
series is Lower Cretaceous. It contains typical Aiicella beds of Alaska. The first 
fossils collected by the writer were found 8 miles north of the foot of the mountains. 
Subsequently others were found at several points farther north, principally at the 
first cross ridge on the Anaktuvuk, and in the bluff at the mouth of Willow Creek. 
Of these fossils the most characteristic, as determined by Doctor Stanton, are 
^^Aucella crassicoUis Keyserling, or closely related forms, and are of Lower Creta- 
ceous age. 

It should be borne in mind, however, that while its Jurassic forms prevent the 
Corwin series from being included with the Anaktu\Tik series as Lower Cretaceous, 
it is not improbable that the discovery of such forms in the future may place the 
lower portion of the Anaktuvuk series, now assigned to the Lower Cretaceous, in 
the Jura-Cretaceous, since no fossils have yet been found in the extreme basal por- 
tion of the Anaktuvuk rocks. 

Correlation. — On paleontologic grounds the Anaktuvuk series may be directly 
correlated with the Koyukuk series, next to be described. The rocks of the former, 
however, are free from all trace of igneous intrusions, while the Koyukuk series is 
associated with igneous rocks,** as dikes, and probably also as flows.* 

Lithologically the Anaktuvuk rocks bear little or no resemblance to the Mission 
Creek series, assigned to the Cretaceous by Spurr,*^ nor to the Kennicott formation 
or the Orca series of the Copper River district. As shown in the table of provisional 
correlation, several other series of rocks found elsewhere in Alaska have also been 
referred to the Cretaceous— the Matanuska series by Mendenhall, between Resurrec- 
tion Bay and Tanana River; the Tordrillo, Holiknuk, Kolmakof, and Oklune by 
Spurr, in southwestern Alaska; and the Cantwell conglomerate by Eldridge, ^^ in the 
Sushitna River region. 

aSchnder, F. C, Reconnaiasance along the Chandlar and Koyukuk riven, Alaska: Twenty-fintt Ann. Rcpt. U. S. 
Geol. Survey, pt 2, 1900, p. 477. 
b p. 78, this paper. 

o Spurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3. 1898. 
dEldridge, G. H., A reconnaissance in the Sushitna Basin, Alaska: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 7, 1898. 
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KOYUKCK SERIES ( LOWER CRETACBOUS). 

Character and occurrence. — The rocks of the Koyukuk series consist of pink and 
reddish impure limestone, dark shale, slates, and some sandstones or arkose, with 
occasional associated igneous rocks. The latter include dioritic dikes, amygdaloids, 
and andesitic tuffs, which denote volcanic activity during and subsequent to Lower 
Cretaceous time. 

The series is represented as occupying a small, roughly quadrangular area near 
the southern edge of the geologic map, l3'ing principally between the sixty-sixth 
parallel and the Arctic Circle on Koyukuk River. It, however, is known to 
extend southwestward considerably beyond the limits of the map, and ma}^ with 
further investigation be found to occupy a large part of the Koyukuk Basin. It is 
represented as limited on the northeast by the Bergman series, which in a general 
way it seems to underlie, and with which further study ma}'^ show it to be closely 
connected in point of age. 

Owing to wide breaks in the sequence of outcrops and the changing attitude of 
the rocks, no attempt will be made at present to form an estimate of the thickness of 
the series. It may be noted, however, that at one point where fossils were collected, 
near the southern edge of the map, on the right (or west) bank of Koyukuk River, 
the limestone exhibits a thickness of about 800 feet. 

Str^icture. — The Koyukuk series has been variously disturbed by folding and by 
some faulting, but the prevailing dip, so far as observed, is northward, roughly 
speaking, at an angle of 40° to 45°. A profuse jointing trends N. 25° W., and dips 
steeply northeast, and a well-marked cleavage strikes northeast and dips 75° SE. 

Age. — The age of the Koyukuk series is supposed by Doctor Stanton to be the 
same as that of the xVnaktuvuk series. This determination is based on fossils collected 
by the writer in the impure limestone near the southern edge of the area mapped, on 
the right bank of the river, and at another locality a few miles farther down the 
stream, to the southwest. In each instance Doctor Stanton states that Lower 
Cretaceous age is indicated by the presence of Aucella crassicollis Keyserling. 

Correlation. — See "Correlation" under Anaktuvuk series, page 76. 

BERGMAN SERIES (CRETACEODS?). « 

Character and occurrence. — The term Bergman is here employed to designate a 
group of comparatively uniform rocks covering a large area in the Koyukuk Basin and 
forming in large part the Koyukuk Plateau (see p. 44). This series lies north of the 
Koyukuk series and has a north-south extent of 60 to 70 miles. On the north 
it rests unconformably on the schists of the Totsen series, while on the south it is 
apparentl}' infolded with the Koyukuk series, to which it is supposed to be closely 
related and which it is supposed to succeed in geologic age. 

a The name Bergrman is that of a trading post on Koyukuk River situated within the area occupied by the series, at a 
point where its rocks have become exposed by the incision of the valley into the plateao. 
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The Bcrf^man series consbts essentially of thin- or medium-bedded, impure, gray 
or brownish sandstone and dark slate, with some dark shale and oecasionallv con- 
glomerate, but along the north it is bordered by a belt of conglomerate about 10 
miles wide which is apparentl}' the basal member. The sediments of the series have 
})cen derived very largely from igneous rocks, as is shown by the generally feldspatbic 
constituents of the sandstones and the presence of basaltic, diabasic, and granitic 
pebbles or finer detritus in the conglomerate on the lower part of Alatna River 
and at Lookout Mountain. The supposed basal belt of conglomerate along the north- 
em Jwrdcr, however, so far as it was obsen'^ed in the John River region, is com- 
posed essentially of the debris of limestone and mica-schist derived from the Skajit 
fonnation and the Totsen series, on which latter it unconformably lies. This con- 
glomerate is normally coai*se, and in some instances contains Yx)wlders. 

Owing to the wi<le separation of the outcrops visited, data for forming an ade- 
quate estimate of the thickness of the Bergman series have not been obtained. From 
a general impression, however, it seems safe to suggest that it is probably at least 
2,000 feet. 

Structure. — The Bergman series, like the Koyukuk series to the south, has been 
considerably folded and somewhat faulted, but apparently to a less degree than the 
latter. Faulting has been observed on Koyukuk River just below Bergman and 
farther downstream, below Kanuti River. Though local folding has been pronounced, 
and the rocks are sometimes highly tilted and stand on edge, the prevailing dip of 
the series seems to be gently southward. On the whole the .series does not seem to 
have received from the geologically late crustal movement the widespread tilt exhib- 
ited by lx)th the Anaktuvuk series on the north of the range and the Koyukuk series 
on the south. Lookout Mountain apparently I'epresents part of an anticlinal fold 
occurring in the series. Here the beds strike a little north of west and dip south 
at an angle of a}x)\xt SiP. A pronounced jointing trends northwest and dips 80'^ 
NE. A minor jointing trends north and dips east at an angle of 80^. On the north, 
where the beds apparently rest against the Totsen series, the dip is south at an angle 
of about 40^. 

Affe. — In 1899, owing to the presence of coal, lignite, and fragmentary plant 
remains in the beds, notably above Tramway Bar, and the resemblance of the beds in 
many instances to the Kenai formation occurring elsewhere in Alaska, it was con- 
jectured that the rocks might be Tertiary and in part Kenai. The more extended 
obi^ervations made during the last season, though a largo area of the series was 
traversed, have thrown no more definite light on the subject, for determining fossils 
were not found. It has been shown, however, that between Bergman and John 
River the series })ears a marked resemblance lithologically to the Anaktuvuk series, 
or Lower Cretaceous, and that its rocks, on the whole, are more indurated than the 
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coal-bearing Upper Cretaceous or Nanushuk series, both occurring in the Arctic slope 
region. Judging from this, and from the seemingly close relationship of the Berg- 
man series to the Lower Cretaceous or Koyukuk series, and the bituminous character 
of its coal content (No. 187 in table of analyses, p. 114), it seems probable that on 
further investigation the Bergman series is more likely to prove to be Cretaceous 
than Tertiary. 

NANU8HUK SERIES ( UPPER CRETACEOUS ). 

Character arid occurrence, — This series is named from Nanushuk River, the native 
name of the stream on which it occurs, and which flows into the Anaktuvuk north of 
the middle of the belt. The series lies north of the Anaktuvuk series, which it seems 
to overlie unconformably, and is itself in turn overlain by the Tertiary Arctic coast 
strata, with which its relations are apparently also unconformable. The unconform- 
ity between the Anaktuvuk and the Nanushuk is inferred from the difference in the 
topography and the marked change in the character and attitude of their rocks. In 
the most northern observed exposure of the Anaktuvuk the dip is north, while in 
the most southern of the Nanushuk it is steeply south. The north-south width of 
the series, in the region of the Anaktuvuk, is about 30 miles, while its east-west 
extent is not known. It is probable that to the east it is soon delimited by the 
Anaktuvuk series, lying between it and the Paleozoics at the foot of the range. 
Westward, or rather northwestward, it may possibly extend to the Arctic coast, 
in the region between Point Barrow and Wainwright Inlet, but of this we have no 
paleontologic evidence. 

Along Anaktuvuk River the topography of the Nanushuk series is of a character 
intermediate between that of the gently undulatory region of the Lower Cretaceous 
or Anaktuvuk series and that of the flat Tertiary coastal plain, whose terranes will 
be next described. 

The rocks of the Nanushuk series are best exposed in the north bank of the 
Anaktuvuk about 6 miles above the mouth of Tuluga River. The exposure occurs 
in a bluff about three-eighths of a mile long that rises steeply 1*20 feet above the 
river (PI. XII, A), The rocks, which here have a steep dip, are mainly thin bedded 
(PI. XII, B), The beds range from 3 to 6 inches in thickness and exhibit rapid 
alternation. They consist of gray and brown sandstone, generally fine grained and 
sometimes friable, with some gray and impure fossiliferous limestone, dark shale, 
fine-grained gray quartzite, drab-colored and green chert, and black slate, stained 
reddish along the joints. Coal of good quality is also present (see analysis 107, 
p. 114). The beds strike N. 82^ E., and dip south at an angle of 80°. 

The above exposure seems to represent part of the south or upstream limb of 
an anticlinal fold which has been beveled off by erosion, for farther downstream the 
dip is north. Similar beds, probably belonging to the same series, were encountered, 
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but not examined, about 10 or 12 miles above this point on the opi>osite side of the 
valley. Northward toward the Colville, where they are finally succeeded by the 
younger formation of the Tertiary coastal plain, the })eds seem to lie more nearly 
horizontal. They possibly floor the valley and form the ]>ed of Colville River 
down to alxmt 5 miles below the mouth of the Anaktuvuk. Here are rapids which 
probably n)ark the termination of the series in the river bed, though the rocks are 
no longer exposed in the Imnks. Below this point the J>ed of the Colville appears to 
lie in the younger and softer formations of the coastal plain, and the current continues 
slack nearly all the wa}' to the coast. 

Striwturtf, — So far as observed, the strike of the Nanushuk series is about east and 
west, and though, from comparison with some of the older rock series, we might 
expect the prevailing dip to be northward, observation has hardly been sufficient to 
affirm that it is so. The apparent existence of at least one pronounced anticline has 
been shown in the previous paragmph. The series is traversecl by a system of 
approximately horizontal jointing (PI. XII, B). 

Age, — On paleontologic evidence the Nanushuk series is lussigned to the Upper 
Cretaceous. The fossils were nearly all collected in the locality a]K)ve described — on 
the north Imnk of the Anaktuvuk 5 miles above the mouth of the Tuluga. The}' 
have been identified ])y Dr. T. W. Stanton, who reports the lot to be certainly of 
Upper Cretaceous age. The forms identifie<^l are as follows: 

FosniU of the Xniim<huk' 8*:rits from. iMtnk nf Atiakiunik Rirrr 5 m'dt» al/ovK moxUh of Tulwja Rii'er, 

IniK'erdiuufi, a rather largii 8pt»cies, fragmentary t«i)ecimena. 

A Hinall Astarte, numerous BfKM'imens. 

Nucula, numerous j*|K*cimens. 

Avieula. 

I'tH'tuneuluH, Heveral Hpeidmens. 

Thracia. 

Tellina, 2 HiH.'cie8. 

Siliqua. 

Modiola. 

Seaphites. 

Ilaminea. 

Besides the above, there are casts and impressions of numerous bivalves not yet 
d<»tenuined. 

Concerning the alwve list, I)(H»tor Stanton remarks that the species are all appar- 
ently different from those with which he is familiar, but that sev(»nil of them are of 
types known only in the Upper Cretaceous. 

6V/rre/^//?V>;^ -Upper Cretaceous rocks occur also to the south of the Endicott 
Mountains in the Koyukuk and Yukon Basin, between the southern edge of the 
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area here discussed and Nulato, and include, in part at least, the so-called Nulato 
sandstone. A description of this series was given in a previous report. ^ The fossils 
on which the assignment is made were collected by the writer in 1899 in the 
Nulato sandstone between Fickart's coal mine and Nulato, and are of interest as 
being the first Upper Cretaceous fossils found in Alaska. Of this collection, Doctor 
Stanton has reported the following forms, and refers the beds to about the same 
horizon as the early Chico of the Pacific region in the United States: 

Upper Oretaceovui fossiU from the Yukon Bagin, 
Ostfeo. 

Anomia. 

Mytilns. 

Cardinm. 

Opis? 

Lacina. 

Trigonia cf. T. leana Gabb. 

Corbnla. 

Actaeonella cf . A. ovif ormis Grabb. 

East of the international boundary both Upper and Lower Cretaceous fossils 
have been foimd on the Porcupine by Mr. B. G. McConnell, of the Canadian geo- 
logical survey/ 

TERTIARY ROCKS. 
OOLYILLE SERIBS (OLIOOCBNB AND PUOGENB). 

Character and occurrence. — ^The Colville series is named from the large river 
along which it occurs and is excellently exposed. It is a series of Tertiary terranes 
which underlies the flat tundra country, or Arctic Coastal Plain, that succeeds the 
more southerly rolling plain formed by the Upper Cretaceous or Nanushuk series, 
which it apparently unconformably overlies, being itself in turn unconformably 
overlain by the Gubik sands. The strata which have been thus grouped extend 
along the Colville from some distance above the mouth of the Anaktuvuk nearly 
to the Arctic coast, occupying a belt 80 to 100 miles wide. Judging from tho 
topography, the series probably has a very considerable extent in an east-west 
direction, possibly reaching the northwestern coast in the region of Point Barrow 
and farther southward. It also appears along the northern coast in places between 
Point Barrow and the mouth of the Colville, but has not been recognized. 

The inland edge of the coastal plain, formed essentially by this series, has an 
elevation of about 800 feet, from which, with very gradual slope, the surface descends 
approximately to sea level at the coast. Beyond this, the very gradually deepening 

aSchrader, F. C, Reconnaissance along the Chandlar and Koyukuk liveni, AUmka: Twenty-flist Ann. Rept. U. 8. 
Geol. Survey, pt. 2, 1900. 

fr Ann. Rept. Oeol. and Nat. History Survey of Canada, vol. 4, 1^8^1889, Montreal, 1800, pp. 122-125 p, 

189— No. 20—04 6 
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sea floor seems to be its continuation. Thus the subaerial tundra country and the 
submarine coastal shelf ahnost appear to be parts of the same plain. Beneath the 
sea, deposition is still active, while on most of the surface of the subaerial portion of 
the plain the work of erosion has hardly 3'et begun. 

The series consists principally of heavy-bedded silts, soft sandstone, limestone, 
shale, and lignite. It is best exposed along the Colville in the region of the mouth 
of the Anaktuvuk, where it forms steep-faced bluffs about 200 feet in height, extend- 
ing for a number of miles both up and down the river (PL VIII). 

Structure, — The Colville series has been biit little disturbed. The beds lie nearly 
horizontal. On the left bank of the Anaktuvuk, 10 or 12 miles above its mouth, 
they dip southward at an angle of 4^ or 5^, but from near the mouth of the Anaktu- 
vuk, along down the Colville nearly to the coast, they dip northward or northeast 
ward (see PI. VIII), so gently that great care is required to detect the introduction of 
successively newer and younger beds, as one ascends the geologic section in pro- 
ceeding northward downstream. In the vicinity of the mouth of the Anaktuvuk 
some very broad, shallow depressions or folds are revealed. Above the mouth the 
dip is northward, at an angle of 8*^ to 10'^, but a few miles below it is southward at 
about the same angle, so that the lower part of Anaktuvuk River seems to lie in a 
very shallow s^^ncline. 

Besides this gentle folding, the beds have also suffered slight faulting (see PI. 
Vin, B), The maximum vertical throw in the faults observed is about 2 feet. 
Lateral crowding has also taken place, producing local crumpling cr folds and small 
overthrusts, as shown in PL VlII, B^ (7, and PL XIII, A. In nearly all cases 
the crowding or thrust seems to have come from the south, indicating that crustal 
movements have apparently taken place in the mountain region in geologically 
recent time. The inland or upstream side of any particular stratum which has been 
broken or disturbed has been crowded or overthrust onto the coastal or downstream 
side of the same, often producing, a short overlap. Disturbance, however, is hardly 
noticeable in the younger Pliocene portion of the beds toward the coast. 

Observations made along Colville River indicate that the series has a thickness 
of 500 or 600 feet 

On account of difference in degree of consolidation of the beds, together with 
their fossil and lignite contents, the series has been separated by the writer into two 
parts, upper Colville and lower Colville. It is possible that an unconformity may 
exist between the lower and upper parts of the series, but if present it must be very 
slight 

Lower CohUle {Oligocene), — ^This constitutes the •main portion or lower three- 
fourths of the section exposed at the mouth of the Anaktuvuk. It is about 160 foet 
thick, while the upper Colville at this same locality is about 40 to 50 feet thick. 



U. 8. GEOLOGICAL duftveV 



MK>FE6«IONAL PAPER NO. 20 PU XIII 




STRUCTURE IN COVILLE SERIES (TERTIARY). 
A, Looking S. 50° W.; B, looking S. 65° W. 




a COAL BED AND ROCKS OF CORWIN SERIES AT CORWIN MINES. 
Looking S, 45^ E. 



TERTIARY ROCKS, COLVILLE SERUsS. 83 

The lower Colville contains the more indurated class of rocks and consists mainly 
of partially consolidated silts in beds 6 to 8 feet in thickness. They are usuall}^ light 
slate-colored or ash-colored, and constitute about one-half of the lower Ciolville 
section, and are generally much less consolidated toward the top than near the base. 
The harder rocks, which increase in volume toward the base of the section, include 
impure, dull gray, medium to fine grained sandstone with detrital lignitic plant 
reDudns; slate-colored and brownish calcareous shale, with disseminated undeter- 
minable vegetable detritus: lignitic coal in layers 1 to 5 feet in thickness; dark 
slate-colored or brownish chert, containing cavities incrusted with chalcedonic silica; 
msty brown, very ferruginous sandstone or impure iron stone, and some iron- 
stained siliceous conglomerate, which also contains lignitic vegetable remains. 
There are also a few layers of hardened silts, forming a rock of very fine texture, 
resembling soft, smooth hone stone. 

The lower Colville is tentatively classed as Oligocene, on account of the presence 
in it of lignite beds and vegetable remains, and from its resemblance to the Kenai 
beds occurring elsewhere in Alaska, and also on the ground of its relation to the sup- 
posed Pliocene silts which it immediately underlies. Several specimens of the shale 
collected from it, bearing lignitic plant remains, were examined by Doctor DalL, 
who reports that '*the vegetable fragments are probablj' the needles of S^pnola 
langsdorffii Heer. These beds containing vegetable remains in northern Alaska are 
usually Upper Oligocene.^ 

Upper Colville {Pliocerur), — ^This portion of the section is practically free from 
indurated rock. It consists of nearly horizontally stratified beds of fine gray, slate- 
colored, or ash-colored calcareous silts, containing faunal remains. It is tentatively 
assigned to the Pliocene on the basis of fossils collected in place b}^ the writer in the 
bluff (near its top) on the west side of the Colville about a mile north of the seven- 
tieth parallel (PL XIV, A). These have been reported on by Doctor Dall as folk>ws: 

FomU from upper CUrUU ttrria in bluff on, weti Me of (JolviUe River 1 mUe north of $eveniidh paraUd. 

Ghr^TBodomas, 2 speden, both nndewrribeH and very intereetin^; the iust Teituu*)' «ictic oheUa 
(not Quatemmrr j I have ever seen. PcsrhmfM they are Flioocsoe. 
Anmtropeifl sp., fngmeDtB. 
TKhyrfayiichiiB polmris Beek. 
HiKXiaia frigida Hanler. 
Maooma inoongnia vcfo Martemi. 

Afltarte semiealcata Leach [yMstdbly Qoatemary inirwdoa). 
SaxicaTa arctica I* 
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PLEISTOCENE DEPOSITS. 
GLACIAL DEP06IT8 AND OLACIATION. 



Glaciation in geologically recent time in northern Alaska has not been of a con- 
tinental character comparable to that of the northern United States and of the Cor- 
diiloran glacier, which overspread the vast field of the Pacific coast mountains 'in 
southern Alaska between the Yukon and the coast. It has been far more extensive, 
however, than has generally l)een supposed. In the valleys nearly everywhere 
within the Endicott Range evidence of ice action is shown by bed-rock scorings, 
local roches moutonn^es, terminal moraines, and deposits of till on the lower valley 
slopes and benches. It has modified preexisting topographic forms, both by erosion 
of the rocks and by deposition of drift. In some cases, as revealed in places by- 
erosion of the glacial deposits, steep-faced bed-rock benches in the sides of the val- 
leys were covered and concealed by the drift, whose surface slopes gently down from 
the steep mountain side a distance of one-half mile or more, nearly to the present 
stream (PI. XIV, B). 

In the lower part of the intramontane section of John River, where the valley 
occasionally widens, it is sometimes floored by a till sheet, from 50 to 100 feet 
thick, containing ponds and lakelets, some of which seem distinctly to be of glacial 
origin. Till is prominent also in the mouths of some of the side valleys, as Till Creek 
Valley, which opens into that of John River on the east at about the sixty-eighth 
parallel. Here good exposures show the deposit to be typical till. It has a thick- 
ness of at least 100 feet, and forms a broad terrace or sort of small, triangular 
plateau a mile or more in extent, occupying the mouth of the side valley. It slopes 
westward, to where John River has been crowded to the bluffs on that side of the 
valley. On the east it overspreads and conceals the lower benching and bed-rock 
topography. Till Creek, a torrential stream, flows in a small canyon whose steep 
banks are formed of the bowlder clay or ground moraine. 

In the region of Fork Peak, near the head of John River, at the confluence of 
several of its tributaries, the valley is wide and open and is floored by a till sheet at 
least 150 feet in thickness. The surface declines to the southwest, denoting that the 
deposit has largely come from the northeast, a view which is supported by bed-rock 
stri© farther down the valley. The till ascends the northwest slope of Fork Peak to 
an elevation of 2,500 feet, and may continue much higher, but becomes obscured by 
younger talus and coarse debris of doubtful character, which, however, also exhibits 
an ill-defined terminal moraine topography. At the elevation of about 3,500 feet is 
a bench overlain by talus and drift, which, judging from topography, was probably 
largely deik)sited by a local hanging glacier. 
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The John Valley till sheet extends across the divide by way of Anaktuvuk Pass 
and is continuous with that of the Anaktuvuk Valley and the Arctic slope. At the 
pass the valley is 3 miles wide and open, and its surface is so flattened with infilled 
drift that the small streams descending" from the mountains in this locality are 
deflected by the merest obstacle to either side of the divide, flowing sometimes north- 
ward by way of the Anaktuvuk to the Arctic, and at othei-s southward to John River 
and the Yukon. 

At the pass occur lakelets of glacial origin. One of these, Cache Lake (PL X, J?), 
just northeast of the divide, is 30 feet or more deep. Its surface lies about 100 feet 
below that of the adjacent ground moraine, giving for the till sheet here a thickness 
of at least 130 feet. Just south of the pass the till sheet formerly extended entirely 
across the valley, as is shown by the flat-topped outlying renmants of ground moraine 
in its middle. These rise to the height of more than 100 feet above the stream, 
and accord in level with the ground-moraine terraces on either side. 

On the whole, the till sheet in this northern part of the range seems rarely to 
extend up the side slopes to more than 500 or 600 feet above the floor of the valley. 
Judging, however, from the rounded and sometimes relatively flat-topped aspect of 
the mountains near the middle of the range (Pis. XIV, 5, and XV, A)^ certain areas 
were not only occupied by an ice cap, but the tops of some of the lower mountains 
were planed oS by ice movement. 

Naturally, the side^valleys in this region were among the last to become free 
from glaciers, some of which probably remained long after the disappearance of the 
ice from the adjacent parts of main valleys. This is shown by the presence of rela- 
tively fresh terminal moraines in the side valleys. Four miles northwest of the 
middle of John River Valley the small valley of Contact Creek is crossed by such a 
moraine. !*• is typical, being about 60 feet high and one-fourth of a mile in length, 
measured parallel with the valley. A similar but older feature occurs in John River 
Valley, near the middle of the range, about 12 miles in direct line south of the sixty- 
eighth parallel. Here the valley flat is crossed by a terminal moraine about 60 feet 
high, a portion of which is shown in PL XV, B. It still forms a continuous ridge or 
dam across the valley, except where the river has cut a notch-like passage, 200 yards 
wide, at the left. At the right the moraine seems to be continuous with the till sheet, 
which is 10 to 20 feet thick, and rests on the bed-rock benching at a height of about 
100 feet above the river. As seen in looking parallel with the valley, the ridge 
presents an undulating profile and is sharp-crested, owing to its upstream side being 
cut away by the river. Though it exhibits but little of the typical hummock-and- 
kettle topography of a terminal moraine, it is composed mainly of typical bowlder 
clay carrying striated pebbles and bowlders, some a foot or more in diameter. The 
materials noted are of the same constitution as those of the river gravels, there being 
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no erratics. The principal Hurface or front of the moi-aine, which slopes southward, 
supports a growth of spruce, some of the trees having a basal thickness of 1^ feet. 

A few miles atove this moraine occurs the last lingering remnant of the John 
Valley Gla<.*ier. It consists of a lone, roughly circular mass of ice about 300 feet in 
diameter, rising from the middle of the gravel-covered valley flats to a height of 60 
feet, as shown in PI. XV, A. At the top the ice terminates in several distinct knob- 
like prominences, projecting 10 to 20 feet above the main mass. One of these is 
cylindrical or pipe shaped. The others are crudely pyramidal. The ice is partially 
capped and flanked by a deposit of genuine till from one to several feet thick, to 
whose protection it doubtless in large measure owes its preservation. From three 
sides small streamlets of light-colored muddy water, arising from the melting of the 
ice and thickened with glacial rock flour from the till, flow down and deposit their 
load of fine, argillaceous sediment over the flats around the foot of the mass. This 
glacial mud is of very light color. It is sticky, and differs decidedly from the present 
stream deposits of the valley. This ice mass is undoubtedly a remnant of the John 
Valley Glacier. Its presence at this late date, after apparently all the other glacial ice- 
has disappeared from the surrounding region, together with the roimded topography 
of the adjacent moimtains, already noted (PI. XV, A)^ suggests that this locality is 
probably near what was the belt of maximum precipitation, and consequently of 
maximum ice accumulation, that traversed the mountains during Glacial time, and 
is therefore among the last to become free from ice. 

In the north slope of Anaktuvuk Pass, between John and Anaktuvuk rivers, the 
till topogmphy is locally rough and in part terminal mominic. Noilh of Cache Lake 
it contains occasional stretches of distinctly termino-Iateral moraine, trending toward 
Anaktuvuk River, and for the last 10 or 12 miles of its course, before leaving the 
mountains, the Anaktuvuk meanders sluggishly through a belt of flats one-half mile or 
more in width, which lie about 100 feet below the surface of the till sheet or ground 
moraine on either side. This till sheet, with a slope that rises gently in the main, but 
which is sometimes terraced, extends from the edge of the flats to the base of the 
mountains, li miles distant. Near the flats the topography is often of a morainic 
type, being composed of characteristic hummocks and kettles, and undoubtedly 
represents a lateral moraine, deposited along the edges of the valley glacier that 
occupied the flats toward the close of Glacial time. 

The height to which the drift, as a sheet, rises along the northern edge of the 
mountains away from the Anaktuvuk Valley was not determined. Judging from 
distant observations, however, it in some cases probably ascends the valleys to 800 
to 1,000 feet above the general level of the Anaktuvuk Plateau. 

As Anaktuvuk River leaves the mountains its current becomes less sluggish and 
its channel is soon beset with glacial bowlders. At about 4^ miles from the edge 
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A. ICE REMNANT OF JOHN VALLEY GLACIER IN ENDICOTT MOUNTAINS. 
Looking southwest. 




Ji. TIMBERED TERMINAL MORAINE RESTING ON FICKETT SERIES ON JOHN RIVER. 

Looking southwest. 
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of the mountains the river bluff on the left exposes a thickness of a little over 100 
feet of typical till. From this point the deposit continues laterally up the side slopes 
of the valley, and apparently overspreads the plateau indefinitely, while the lower 
portions of the deposit, extending downstream, form terraces along the river. At 
about 10 miles from the mountains and 2i miles east of the river, at an elevation of 
2,400 feet, or nearly 700 feet above the valley floor, the top of a rounded sandstone 
bill, which rises to the general level of the plateau, bears patches of till a foot or 
more in thickness. Here, too, some of the less firm portions of the bed rock have 
been disturbed, while others bear markings that have been interpreted as imperfect 
. glacial strise. These trend approximately parallel with the valley. A view of the 
surface of the plateau from this point, as shown in PI. IV, seems to indicate the 
presence of drift almost everywhere, though the deposit is probably thin on the tops 
of the higher ridges. 

Till occurs farther down the Anaktuvuk, forming terraces and moraines similar 
to those noted in the intramontane section of the valley. About 15 miles north of 
the mountains, just below camp July 1, on the side of the valley, there is a 
lateral moraine that rises to a height of about 150 feet above the valley flat, which is 
here about three-fourths mile wide. The steep angle, 45° to 60°, at which the drift 
materials lie, as exhibited in the face presented to the valley, clearly denotes that 
they were deposited largely against an ice wall. Just in front of this moraine is a 
characteristic overwash plain from whose upper edge an unquestionable terminal 
moraine extends indefinitely, both to the east and to the west, away from the valley. 

A little north of the above region, about 23 miles from the mountains, occurs the 
first pronounced cross ridge of Lower Cretaceous beds, through which the river has cut 
a short canyon. A few miles east of the river this ridge attains an elevation of about 
2,500 to 2,600 feet. On ascending the ridge in this vicinity, from the plateau on the 
south, the till sheet was foimd to continue up to the elevation of about 2,250 feet, 
where, on the slope becoming a little steep, it suddenly ceases and the bed rock 
becomes exposed and continues so across the broad top of the ridge, whilp till is again 
encoimtered on its north slope, which descends into Willow Creek Valley. 

On the top of the above ridge, however, are glacial erratic bowlders, which, 
though not abundant, are decisive in showing that an ice sheet passed over the ridge. 
As these erratics occur 400 to 500 feet above the ground moraine, it is inferred that 
they were probably transported as englacial or superglacial material. Here, also, 
large blocks of bed-rock sandstone have been moved from their original position to 
an extent that can not be accounted for by frost or weathering, so that their trans- 
portation seems to have been the work of moving ice. 

About 10 miles northward, on Willow Creek Ridge, a similar feature, no glacial 
drift was found. At a few points the edges of the sandstone beds are disturbed, as 
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if by ice action, but the evidence as to the agency is not conclusive. On descending 
the slope northwestward, however, toward the Anaktuvuk, erratics of the Stuver 
conglomerate were found at an elevation of about 1,650 feet. The surface in this 
locality, however, is so densely covered with moss that drift may extend above this 
elevation and yet not be exposed. But on the whole, from this point northward, the 
till seems rapidly to become restricted to the lower side slopes of the valley, where 
it forms low bluffs and terraces. 

About 14 miles below Willow Creek, near camp August 5, bluffs of probable 
till, resting against the bed-rock sides of the valley, rise to a height of 125 feet 
above the valley flats, and there, apparently as a thin veneer, the deposit over- 
spreads the adjacent bed-rock bench. This bench is half a mile or more in width, 
nearly flat topped, and densely covered with vegetation, So that away from its 
river edge no satisfactory examination of the deposit could be made. A few 
hundred feet above the upper or distal edge of the bench, however, are outcrops 
of sandstone, presenting no drift or indication of ice action. 

Twelve miles north of the above locality, about five miles above the mouth of 
Tuluga River (see PI. XII, A), a similar bench, lying at 100 feet above the river, is 
capped by a deposit of gravel and sand 20 feet in thickness. Some of the pebbles 
approach the size of bowlderets, and even bowlders. Though they are waterworn, 
no stratification is apparent in the deposit, which has much the aspect of a sandy till. 
Its position suggests that it may have been deposited here by waters from the glacier 
that possibly occupied the valley at this point. The deposit may, however, be 
fluviatile. 

Sixteen miles farther down the Anaktuvuk, about 10 miles above its mouth, the 
bluff on the left is again capped by from 10 to 40 feet of sand and gravel, in which 
the gravel is more distinctly washed and rounded than in the deposit above noted, 
but the absence of stratification and the character of the material again suggest that 
glacial waters may possibly have been an agency in its deposition. If this inference 
is correct, the ice stream which occupied the Anaktuvuk valley must have extended 
down nearly to this point. There is, however, no reason to suppose that it extended 
below it. On the adjacent part of Ciolville River there seems to be no evidence of 
glaciation within a score or more miles above the mouth of the Anaktuvuk. The 
drainage of this section of the Colville does not seem to have been interrupted since 
the Tertiary. 

From the conditions above described it is concluded that in the region of the 
Anaktuvuk Valley, in that portion of the Colville Basin embraced by the curving 
front of the Endicott Mountains, an ice sheet in the form of a small regional or pied- 
mont glacier, gradually thinning out toward the north, extended from the front of 
the range northward across the inner part of the Anaktuvuk Plateau to the region of 
Willow Creek, a distance of 30 or more miles. Beyond this point ice flowage seems 
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to have been confined substantially to the present drainage ways, in the form of valley 
glaciers, of which that of the Anaktuvuk is the chief. 

There is evidence that the Anaktuvuk glacier extended northward to the sixty- 
ninth parallel, and there are some indications that it may possibly have extended 30 
miles farther, to within 10 or 12 miles of the present mouth of Anaktuvuk River, 
but it is not to be supposed that it crossed Colville River, if indeed it ever reached 
it. This latter statement is probably also true of the ice streams to the west that 
must have occupied the valleys of Ninuluk, Killik, Kurupa, and Kucher creeks, 
which enter the Colville a little north of the sixty -ninth parallel. 

It does not seem probable that the drift sheet on the Arctic slope much exceeds 
150 feet in thickness at any point. It apparently attains its maximum development 
in the valleys, not far from the mountains, the source of supply. Elsewhere on the 
slopes its surface seems to conform very largely to the preexisting topography of 
the underlying terranes. 

In the southern part of the Endicott Mountains, evidence of glaciation, as has 
been shown, may be found up to an elevation of nearly 2,000 feet. From the point 
where John River leaves the mountains, southward to the region of Kanuti River, 
the Koyukuk Valley region exhibits a generally rounded topography , which suggests 
former glaciation, up to a height of 1,600 or 1,800 feet. On John River, near the 
base of the mountains, the drift, so far as observed, is essentially till. In some 
localities the deposit is at least 100 feet thick, and is marked by several terraces that 
rise successively from the river to the southeast, above which the surface continues 
to have a rolling, apparently ground-moraine topography, that finally gives way to 
low, rounded mountains or hills, which also are supposed to be glaciated. 

Observations in the above region away from the immediate route of travel were 
very limited. Along the route, however, glacial drift seems to be more or less 
continuous all the way down the open flats of John River Valley, as is shown by the 
topography and by occasional exposures of till rising to a height of 30 or 40 feet 
above the river or resting in thinner sheets on the bed-rock benches at elevations of 
from 30 to 100 feet above the stream. 

Till is present near the mouth of John River and on the right or west bank of 
the Koyukuk between Bettles and the mouth of Jane Creek, where it forms bluffs about 
100 feet high. Similar conditions seem to prevail to the eastward, in the region of 
Gold Bench* on South Fork, whence they apparently continue northeastward across 
the divide into the Chandlar River Basin, where till deposits similar to those on John 
River have been noted in a previous report, and have since been observed to extend 
up Granite Creek.* 

a When the only opportunity for making observations at Gold Bench was presented, 5 feet of snow lay on the ground, 
b Reconnaissance along the Chandlar and Koyukuk riven, Alaska: Twenty-flist Ann. Rept U. B. Oeol. Survey, pt. 2, 
1900, p. 478. 
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No glacial drift was noted on the top of Lookout Mountain, and, as the surface 
was deeply snow covered at the time it was visited, the elevation to which the drift 
ascends on its slope could not be learned. Southward, on the northeast side of the 
lower Alatna Valley, what seem to be till terraces occur along the south side of 
Double Mountain up to a height of 1,600 feet. 

Just below the mouth of the Alatna the right bank of the Koyukuk presents a 
steep-faced exposure of clay and gravel, rising 80 to 100 feet above the river.* The 
lower 50 feet of this section seems to be till, and is distinctly separated by a well- 
defined contact from the upper portion, which consists mostly of gravels and silts, 
some of which are discordantly stratified. 

From the character of the topography glacial drift is supposed also to occur on 
the opposite side of the Koyukuk and to extend southward toward the mouth of 
Kanuti River. Mr. Mendenhall reports that in the country lying north of this 
region, on the upper waters of the Alatna and the Kowak, above the sixty-seventh 
parallel there is evidence of glaciation similar to that in the same latitude on John 
River. Furthermore, in the recent gravels along the Koyukuk near Bergman, 
notably on the south side of the river, there are large granitoid bowlders, totally 
foreign to the country rock of the region. These may have been brought here 
through the agency of river ice from far up the valley of South Fork, but it seems 
equally probable that they may have been brought by glaciers from the mountains 
to the north where similar rocks in place are known to occur. 

The hill just west of Bergman consists of Bergman sandstone, but on its slope, 
at a height of nearly 200 feet above the river, there is a gravel deposit composed of 
heterogeneous materials. An examination, as thorough as could be made under 
unfavorable conditions, indicates that ice action was concerned in its origin. It con- 
tains characteristically angular and subangular ice- worn pebbles, with polished sur- 
faces, often profusely striated. The strisB are of distinctly glacial origin and can in 
no wise be ascribed to the action of river ice. 

From the above-enumerated observations in this southern part of the field it is 
inferred that glaciation extended from the mountains southward into the Koyukuk 
Basin across the Arctic Circle and beyond Bergman, but observation has not been 
sufficient to determine whether this extension was in the form of a continuous ice 
sheet, or merely as valley glaciers. From topographic criteria, however, it seems 
probable that most of the hills below 2,000 feet were covered by ice or n^v^, while 
such peaks as Mount Lookout and its higher fellows appeared as nunataks above its 
surface, and that glacial activity, or ice work, was largely restricted to the valleys 
and lower reaches of the hill slopes. 

In the John River and Anaktuvuk River portions of the Endicott Mountains the 

a This bluff is the Uiuttlotly of the natlyes. 
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glacier ice (save the single instance cited on John River) has disappeared. To the 
east, however, as noted under ''Previous explorations," prospectors and whalers 
who have crossed the range in the vicinity of the one hundred and forty-ninth 
meridian report the presence of valley glaciers of considerable size. 

The glacial phenomena that have been described tend to show that, although the 
Endicott Mountains (PI. VII) do not on the whole seem to have been overridden 
en masse by a moving ice sheet, they were doubtless, especially in their northern 
part, largely occupied by an ice cap or perennial n^v^, constituting a breeding ground 
for glaciers. The zone of maximum snowfall, and consequently of maximum ice 
accumulation, trending in an east- west direction, was apparently in the northern part 
of the range at least somewhat north of its median line. From this zone the ice 
moved oflf to the north and to the south, respectively, into the Colville and Koyukuk 
basins. Its flowage, especially during the latter part of the Ice age, was confined 
mainly to the valleys and drainage ways in the form of alpine glaciers, of which there 
is ample evidence. But there is also good reason to believe, as shown by the till 
sheet north of the mountains, that during the zenith of the Ice age the northern 
edge of the range was occupied by a more or less extensive ice sheet, which, as a 
small regional or piedmont glacier, thinning out toward the north, extended north- 
ward over a considerable portion of the Anaktuvuk Plateau, its occurrence at that 
time being, perhaps, similar to that of the Bering or Malaspina glaciers of to-day. 

GBOUND-ICB FORMATION AND KOWAK CLAY. 

At some localities along the Arctic coast there are stretches of low bluffs or 
banks of ground ice overlain by a deposit of dark muck and moss several feet in 
thickness. Deposits of light-colored clay also^are occasionally seen. The occurrence 
and distribution of these deposits appear, in a measure, to be as represented by 
Doctor Dall on his map of. the "Known distribution of the Neocene formations in 
Alaska. "« 

The ground-ice formation was hitherto supposed to be of very widespread occur- 
rence in this Arctic region. To give an idea of the evidence on which this supposi- 
tion rests I shall here freely quote from Doctor Dall's report.* 

"From information gathered from several masters of vessels in the whaling 
fleet, and derived from experience gained in the effort to dig graves for seamen who 
had died aboard vessels on this shore from time to time during the last twenty years, 
it would appear that somewhat north of Cape Beaufort the land between the low hills 
and the sea is low and the soil chiefly a sort of gravel. ' At a depth of 2 feet is a 
stratum of pure ice (not frozen soil) of unknown depth. This formation extends, 
with occasional gaps, north to Point Barrow, and thence east to Return Reef, where 

a Dall, W. H., Correlation papers, Neocene: Bull. U. S. Geol. Survey No. 84, 1892, opposite p. 268. Becker, O*. F., Recon- 
nalnanco of the gold fields of southern Alaska: Eighteenth Ann. Bept. U. 8. Geol. Survey, pt. 8, 1898, pi. i. 
&Op.cit.,p.264. 
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the ice layer is about 6 feet above the level of the sea. It goes south at least as far 
as Icy Cape without any decided break, and is found in different localities as far 
south as Kotzebue Sound.' At Point Barrow, near the international station, under 
the direction of Lieut. P. H. Ray, U. S. Army, a shaft was sunk to a depth of 37 
feet 6 inches, which passed through successive layers of mud, sand, and fine gravel, 
with fragments of driftwood and marine shells, showing here and there large frag- 
ments of pure fresh-water ice, but no continuous stratum of ice. The formation 
here was clearly a beach alluvium, and relatively modern, a pair of Eskimo wooden 
snow goggles with sinew string still attached to them being found at a depth of 27i 
feet. The temperature of the earth varied from —6° to +17.5^ F.; below the 
influence of the external air the temperature of the earth was quite steady at 12^ F. 
for nine months. The earth was frozen and was extremely hard and tough. Blasts 
put into the side of the shaft blew out without shattering the frozen earth around the 
drill hole. It is probable that excavations farther inland might have revealed the 
ice layer, which at the locality of the station did not exist." 

The observations made by the writer, while boating along the coast, lead to the 
inference that the ground ice is not of so widespread occurrence as the above quota- 
tion indicates. Between the Colville and Point Barrow the ice is possibly more or 
less continuous along the coast, but of its inland extension we have little evidence. 
Even along the coast it is not extensively exposed. Here long stretches of the low 
tundra country are apparently underlain by rock or earthy deposit. 

Of the localities at which the ice was observed, the most important are Cape 
Halkett and Cape Simpson, at each of which it seems to be practically continuous for 
a distance of several miles. Cape Halkett, one of the most prominent promontories 
along this part of the coast (PI. X, i)), terminates in an ice cliff rising 30 feet above 
tide level, and is overlain by a foot or two of muck, which in turn is carpeted by a 
nap of moss and grass at the surface. Judging from topography, the ice at this 
locality may extend inland several miles. Its thickness is not known, since its lower 
limit lies below tide level. As shown in the view (PI. X, i)), the cape is being rapidly 
cut back by wave action, which undermines the cliff at tide level until by its own 
weight the ice breaks off in large blocks and is ground up by the surf. 

Coal occurs at Wainwright Inlet, between Point Barrow and Cape Beaufort. A 
little southwest of that place the Jura-Cretaceous comes to the coast, and, judging 
from topography, seems to continue nearly all the way to Cape Beaufort, omitting 
a probable breach at Icy Cape. From Cape Beaufort to Cape Lisburne rocks of 
the Corwin series (Mesozoic) are known to be almost continuous. It therefore 
seems, from the above facts, that the southern boundary of the ground-ice area repre- 
sented on Doctor DalPs map should be shifted from the region of Icy Cape north- 
ward, probably to at least beyond Wainwright Inlet, a distance of 60 to 76 miles. 

Of the Kowak clay containing Pleistocene vertebrate remains, referred to by 
Doctor D^U in connection with the ground ice, but little was seen by the writer. 
Observation, however, has been sufficient to suggest that, if present along the coast 
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between the Colville and Chipp (Ikpikpuk) River, they are not only far from con- 
tinuous, but are probably of very limited occurrence. Along the northwest part 
of the coast, the only locality at which what seems with certainty to be the Kowak 
clay was observed, is at Woody Inlet, about 50 miles southwest of Point Barrow. 
As this inlet is not far from the seventy-first degree of north latitude it is thought 
that the deposit may be near that in which Captain Beechey's party obtained elephant 
remains. 

GUBIK SAND. 

Besides the Tertiary Colville series, which underlies the coastal plain along Col- 
ville River, the section here also comprises deposits supposed to be Pleistocene. Of 
these, probably the most important and interesting is a surficial deposit of brownish 
sand or loam about 10 to 15 feet in thickness, which unconf ormably overlies the beds 
of the Colville series, apparently as a continuous mantle. 

This deposit seems to be distinct from the Colville series and to extend over a 
large area of country. It not only forms the surficial terrane of the coastal plain 
along the Colville, but seems to occur at some localities along the coast from the 
mouth of the Colville westward, in some instances apparently overlying the ground 
ice and probably the Kowak clay formation, while its inland margin probably over- 
laps the coastal edge of the Upper Cretaceous of the Nanushuk series along the 
Anaktuvuk nearly to the mouth of the Tuluga, where, in certain localities, judging 
from topographic criteria, it also appears to overlie gi-avels which are very ten- 
tatively referred to as glacial, but to which its relation is not definitely known. 

The deposit consists of fine sand, with apparently an admixture of considerable 
silt. In some localities it seems to be more sandy toward the base, and more earthy 
toward the top, where it terminates in from one to several feet of dark brown or 
black humus, clothed at the surface with moss and a little grass. It is ordinarily 
free from gravel, but in several instances subangular cherty pebbles ranging from 
mere sand grains to fragments as large as one-fourth inch in diameter were found. 
These occur very scatteringly and are sometimes roughened, as if wind worn. In 
some localities a fine gravel seems to intervene between the base of the deposit and 
the underlying Tertiary beds, as if representing the basal part of the deposit. 

The deposit as a rule is structureless or without stratification planes. Owing to 
this fact, together with its surficial and widespread occurrence, and the homogeneity 
of its materials for want of a better term in field work it was called loess, but in the 
fear that this term may be undesirable, it is here named the Gubik sand, after the 
Eskimo name of Colville River. 

Various hypotheses have suggested themselves to account for the origin of the 
deposit, of which no one alone seems to be satisfactory. To the writer, the fluviatile 
delta theory, in conjunction with shallow coastal conditions and intense arctic freezing, 
seems the most tenable. 
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RBCBMT MUD, MUCK, GROUND ICB, DUNE SAND, 8ILTB, AND GRAVSLB. 
INLAND RBOION. 

The deposits mentioned in this heading are all represented on the map by the 
same color. 

Along John River and the Koyukuk the color represents recent stream gravels, 
together with alluvial sands, silt with ground ice, mud flats, and areas of till too 
small to be represented on the scale of the accompanying map. 

Along Anaktuvuk River the color denotes recent stream gravels, while along 
Colville River it includes, besides the recent stream gravels, a large, triangular area 
of flats extending from the mouth of the Anaktuvuk to the coast and eastward along 
the coast a distance of thirty or more miles to beyond Gwydyr Bay. This large area, 
as noted, is regarded as ground abandoned by the Colville in its lateral migration 
westward since Tertiary time, as the river is supposed to have formerly flowed more 
directly northeastward from the mouth of the Anaktuvuk, and to have entered the 
sea through Gwydyr Bay, following the course indicated by the broken lines on the 
map. (PI. III.) 

Though to the eye this area of flats seems a dead level the surface probably 
rises very gently from the Colville eastward. It is dotted by numerous ponds and 
lakelets. The monotony of the waste is somewhat relieved by occasional low mounds, 
as shown in PI. XVI, B, These are composed, in part at least, of gravel and sand. 
Some of them rise as much as 40 feet above the flats. In shape they are low and 
rounded. Some have a tapering train on the lee side toward the coast Their 
surface is usually scantily clothed with grass and other vegetation. 

The origin of the mounds is not known. Only one of them was visited. Perhaps 
the most plausible hypothesis is that they are remnants of beds belonging to the Ter- 
tiary Colville series, which, chancing to be capped with some hard stratum, were not 
worn down by the river to the level of the flats, and so formed nuclei favorable for 
accumulation of gravel, and subsequently became bars, and, later still, islands in the 
Colville, until the river abandoned its bed about their bases. 

Along the Colville the edge of the fiats often terminates in gravel bars, descend- 
ing to the water's edge, or in low, steep-faced banks of frozen black muck and ground 
ice, showing that at least the surficial portion of the flats consists in the main of 
recent stream deposits and the decayed products of marsh vegetation. The banks 
decrease in height toward the coast, and finally vanish as the land surface passes into 
the bars, reefs, and tidal mud fiats at sea level. 

The geologic work now being done by the river in its lateral migration shows 
that the processes by which the fiats were formed were essentially those of planation. 
In the inland region, as the shifting stream, in its very gradual down-cutting and 
relatively very rapid lateral cutting, sawed its way westward into the coastal plain, it 
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planated farther and farther on the west the ground which by its destructional 
work it claimed as its bed; while simultaneously, as it abandoned or receded from this 
planated ground on the east, it built thereon, notably at high-water stages, flood-plain 
and riparian deposits, which now constitute the surficial terrane of the flats. Thus, 
while degradation or destructional work was in progress on the west, aggradation or 
constructional work of flood-plain building was progressing on the east. At the 
same time in the coastal region the large amount of sediments borne down by the 
river was built into an expansive delta plain, which landward merges into and is con- 
tinuous with the inland subareal portion of the flats, and seaward merges into the 
already mentioned expansive tidal mud flats, bars, and reefs at the coast. 

The Colville Flats therefore appear to consist essentially of a Pleistocene veneer 
of flood-plain, ground-ice, and deltoid deposits resting on Tertiar}' beds of the Colville 
series that have been planated by the river in its lateral migration toward the west. 

Another type of recent deposits is seen in the sand dunes that occur for a distance 
of a few miles along the upper part of the Anaktuvuk, just before it leaves the 
Endicott Mountains, and also over the inland portion of the Colville delta and adjacent 
mainland. The material of the dunes in both places is obviously river sand and silts 
derived from the wind-swept bars and flats exposed during stages of low water. 
This dune work is probably accomplished mostly during the dry, frozen periods of 
winter, when the bare ice surface is favorable for wind transportation of the material. 

' COASTAL RBGION. 

From. CohriUe Rwer to Point Bairow. — ^Though the Tertiary beds of the Colville 
series may come to the Arctic coast in some localities, they have not been positively 
identified there. From Colville River to Point Barrow the shore line materials 
consist mainly of recent beach deposits of mud, muck, some sand and gravel, and 
deltoid mud flats, backed in places by low banks of older dark muck and ground ice 
(see PL IX, A and PI. X, D). West of the Colville, in Harrison Bay, deposits 'of 
sand or loam are occasionally seen, which, from similarity in character of material, 
seem to belong to the Gubik sand. 

The eastward swing, or retreat, of Colville River in relatively recent time 
from bluffs of its own cutting on the west, leaving a portion of the Colville Flats on 
its west or left side, along the section extending from Ocean Point to the coast, a 
distance of nearly 40 miles, suggests for this particular part of the region a local tilt 
to the eastward in Pleistocene time, or at least subsequent to the production of the 
bluffs and the Colville Flats, which must have been formed by the river. If this tilt 
or differential uplift to the west of the Colville has been far-reaching in its westward 
extent, it favors the existence of a coastal belt of late Pleistocene as far as it extends. 

To local differentials in elevation along this costal line of uplift are to be ascribed 
the occasional ground-ice cliffs as at Cape Halkett and Cape Simpson, alternating with 
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long stretches of low shelving beach. The ice cliffs appear merely to represent com- 
pletely solidified bays, lagoons, lakelets, or perhaps other coastal bodies of ponded 
water now raised into low anticlines and cut back by wave action. 

Frrmi Point Barrmc to Cape Lishurne. — Southwest of Point Barrow the coast 
line grows more marked. It is not so low, flat, and shelving as on the north, and the 
water is consequently less shoal. Here the long stretches of mud flats found on the 
north are in the main wanting. The mainland bluffs at the edge of the tundra, 
though still low, are not only higher than on the north but are almost continuous, 
and are frequently composed of true bed rock (Mesozoic terranes); between the 
base of these bluffs and tide water there is a narrow fringe of recent beach gravels 
and sand, whose surface slopes steeply seaward. However, from Wainwright Inlet 
to near Cape Beaufoil there are extensive wave-built barrier beaches or bars of 
recent marine gravels and sand (see PI. XVI, A)^ sheltering immense stretches of 
brackish lagoons lying between the bars and the mainland. Toward Cape Lisbume, 
the most bold and important promontory in this part of the northwest, the coast 
becomes steep and rock bound (PI. Y) by the Mesozoics and Paleozoics that have 
been described. 

BBCEZ9T FOflSILS FBOM THK ABCnC COAOT. 

The following invertebrate fossils were collected along the Arctic coast between 
Colville River and Cape Lisburne. The identifications are by Dr. W. H. Dall, of 
the United States Geological Survey. 

ChryBodomus fornicatus Gray, 649,a 650, 6&4. 

C. deflpectofl L., a39. 

Admete coathonyi Jay, 652. 

Maigarites striatus Sowerby, 647. 

Tellina lutea Gray, 647. 

Macoma frigida Hanley, 636, 639, 647, 650. 

M. tenuis Leach, 639, 652. 

M. baltica var. inconspicua B. & S., 636. 

Astarte arctica Gray, 636, 639. 

A. borealiB Schumacher, 636, 639, 650, 652, 654. 

Venericardia alaskana Dall, 652. 

Saxicava arctica L., 650. 

Serripefl gronlandicus Beck, 636, 654. 

Cyrtodaria kiirriana (Morch) Dunker, 639, 650. 

Thracia beringi Dall, 654. 

MytiluB edulis L., 650. 

Modiolaria nigra Gray, 650. 

Yoldia sp. fragm., 639. 

a The numben refer to looalitiea. 
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MTNTERAX. RESOURCES. 
GENERAL STATEMENT. 

Under the head of geology, it has been shown that the rocks forming the moun- 
tainn ahx)ut the head of the Koyukuk Basin comprise several metamorphic series*, 
namely, the Skajit, Tot8en, Fickett, Settles, Lake quartz-schist^ and West Fork series?. 
In these mineralization has taken plac*e. It is in the southern part of the region that 
the efforts of the prospector are being rewarded, and, in some cases, handsomely. 

Though indications of mineralization occur to some extent nearly all the way 
northward through the Endicott Mountains, the principal producing region is on the 
upper parts of Middle and North forks of the Koyukuk. Though the region also 
cx)ntains coal and some lead, copper, and antimony, thus far gold only has proved 
to be of economic importance. 

GOLD. 

Placer gold has been known in the Koyukuk Basin since the early nineties, if 
not before. It was first discovered in the bars of the river, of which the most noted 
seem to have been Hughes and Florence bars, both far below the present placer dig- 
gings. Tramwa}' Bar, above the sixty -seventh parallel, about 570 miles above the 
mouth of the river, is among the earliest discoveries. The discovery of Slate, Myrtle, 
and the other creeks that have been among the chief producers for the last four 
years was made during and subsequent tx) the spring of 1899. These are mostly 
alx)ve Tramway Bar. 

Roughly considered, the Koyukuk gold district, or gold diggings, frequently 
referred to as the most northern mining camp in the world, as known at present is 
contained in a rectangular area of about 3,50<) square miles, lying between latitudes 
66^ 55' and 67" 55' and longitudes 149"" 30' and 151- 20'.« It accordingly trends 
north and south. Its length is about 70 miles and its width about 50 miles. 
Diagonally through it from northeast to southwest flows Middle Fork of 
Koyukuk River, while the northwest portion is drained by North Fork and the 
southeast portion by South Fork. The principal field of present operations is 
near the middle of the district, on the middle drainages of Middle and North forks. 

It is only in certain localities in this area, however, that profitable gold placers 
have l)een found. The formations on which these placers lie, so far as known, are 
the Lake quartz-schist, the West Fork schist, the Bergman series, and probably also 
the Skajit formation, for some of the later discoveries are reported to occur on mica- 
schist, limestone, and marble;'' but whether any or all of these formations are the 
original source or mother rock of the gold can not yet definit^^ly l)e stated, as 
the season's work afforded no facility for visiting the diggings. The Slat4? Creek 

a Fur loentiun and outline of the dlHtrict. Hce gcok^ic map, PI. III. 

On Clara and Emma creeks the country rock is reported to be mitA-Hebist and marble. 
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gold, however, is probably derived from the Lake quartz-schist.* These schists are 
traversed by quartz veins of considerable size, the larger of which are not known to 
carry more than a trace of gold, but a series of smaller veins or veinlets and small 
lenticular quartz bodies or leaflets contained in the schist are to some extent aurif- 
erous. Nearly all quartz specimens which have been assayed show at least a trace 
of gold. 

The principal diggings when the region was visited by the writer in 1899 were 
those of Slate Creek and Myrtle Creek, which lie along the zone where the Lake 
quartzite-schist gives way to the West Fork* series on the south. This zone is also 
along the line where the mountains give way to the dissected supposed Yukon 
Plateau. Here in March, 1899, coarse placer gold was discovered in paying quanti- 
ties on Slate Creek, an east side tributary of Middle Fork of the Koyukuk, which it 
joins 16 miles above Tramway Bar. The country rock is a series composed of mica- 
schist, quartz-schist, and slate, and is cut by some igneous intrusives. It is uplifted 
and stands on edge. The gold occurs as shallow creek and gulch diggings, and is 
found principally near or on bed rock in joints, fissures, and crevices. The gravels 
rarely exceed 3i feet in thickness. The diggings begin about 9 miles above the 
mouth of Slate Creek, at the confluence of the two main forks, of which the north 
one is known as Myrtle Creek, and the south one as Slate Creek proper. From 
this point the diggings extend to the head of Myrtle Creek, a distance of 5 or 6 
miles, and considerably farther up Slate Creek. 

Two mining districts had been organized and are known as the Slate Creek 
and Myrtle Creek districts. The gold, as seen here, is bright, clean looking, coarse, 
and considerably rolled or flattened, denoting transportation. The largest nugget 
taken out had a value of nearly $20. The bench gravels along these creeks are also 
auriferous and are reported to prospect from 3 to 5 cents per pan. Considerable 
mining was also being done near the sixty-seventh parallel on various tributaries of 
South Fork with fair success; here at present the principal camp is that of Gold 
Bench. 

Though the Slate and Myrtle creek districts, with a few others, are reported 
to have yielded well during the season of 1899 and 1900, and ai-e still producing, 
subsequent exploitation ha,s resulted in the discover}'^ of much richer deposits farther 
up the river, all occurring, according to reports of the miners, in much the same 
class of metamorphic rocks as those noted for Slate and Myrtle creeks. 

Of these newer discoveries, the principal are Emma, Clara, and Gold creeks, and 
other smaller streams tributary to Hammond Creek, while the discovery of gold on 
Union Gulch, about 15 miles above Slate Creek, is reported to have been made 



aSchrader, F. C, Reconnaissance along the Chandlar and Koyukuk rivers, Alaska, in 1899: Twenty-flrat Ann. Rept 
U. S. Geol. Survey, pt. 2, 1900, pp. 474-483. 
Mbid., p. 475. 
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during the summer of 1901. Other new creeks, reported to be producing, are Ver- 
mont, Swift, and Nolan. The two best producers thus far are reported to be Emma 
and Gold creeks. The gravels on Hammond Creek are reported to contain much 
iron pyrites, which, in sluicing, rapidly fills up the riffles, and in some specimens 
visibly exhibits embedded bodies and particles of free gold — a fact of no 
small economic importance, as it seems to point very strongly to deposits of gold- 
bearing pyrites or ore probably present within the Hammond Creek Basin as the 
source of the gold. During the summer of 11H)2 very promising prospects were 
discovered also on North Fork of the Koyukuk about 35 miles above its mouth. 
Here the belt containing gold-bearing gravels, locally considered, is said to have a 
width of about 20 miles and to trend in a general east-west direction about parallel 
with the mountains. The principal streams on the Fork are Mascot, Washington, 
and Big Four creeks. The discovery was made on Washington Creek in August, 
but the principal producer seems to be Mascot, a west-side tributary, which was 
discovered in September (1902), and during the season of 1903 yielded nearly 
^100,000 in gold. This gold is coarse. It contains several $100 nuggets, and 
other large ones of less value. The gravels are shallow; they range from 
a few inches to several feet in thickness, and contain a little black sand. Their 
shallowness enables the ground to be worked at a profit of about 70 per cent of 
the yield, which is much greater than that in most of the creeks of the Koyukuk 
district. The gold is found mostly on bed rock and in the extreme basal part 
of the overlying gravels, and where the bed rock is rotten or decayed the gold 
frequently extends a foot or more into it. The bed rock is mica-schist. It contains 
stringers of quartz and is occasionall}'^ cut by porph^'^ry dikes. Gold prospects 
have also been found west of the above, on tributaries of the Hokotena. 

The Tramway Bar diggings are bench placers, consisting apparently of deposits 
of auriferous river gravels resting on a bench of bed-rock conglomerate and sand- 
stone, at about 80 to 100 feet above the level of the river. The gravels are mostly 
coarse, consisting lai'gely of rolled cobbles and pebbles of quartz-schist and other 
rocks composing the mountains to the north. Several attempts have been made to 
work these deposits, but thus far with only modei*ate success. This is owing appar- 
ently to the remoteness of the region, the difliculty of transportation, and more 
especially to the lack of capital to utilize the water supply, which could readily be 
drawn from the river above the placers or from lakelets said to occur on higher 
ground lying westward. 

The Tramway conglomerate has not as yet been found to be a fossil placer, as 
was formerly supposed, nor does it seem to bear any relations to the richer diggings 
occur hig in the region of metamorphic rocks much farther up the river. 

Prospects of gold are also reported to have been found on some of the tributaries 
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of John River. Colors were obtained here by the writer from gravels in the mouth 
of a small creek near the north edge of the Totsen series, and specimens of vein 
quartz collected in place from sandstone and schist near the middle of the Fickett 
series assayed 0.03 ounce, or about 60 cents per ton. Though this may not be 
promising from an economic point of view, it seems to denote the presence of gold 
in the Endicott Mountains and points to the quartz as its probable source. 

Coarse placer gold is reported to have been found by prospectors on the Arctic 
side of the divide, opposite the head of the Koyukuk Basin and farther eastward. 
Further investigations are contemplated here by men who have visited the region. 
This reported occurrence suggests the northward continuation of the auriferous 
schists of the Koyukuk district. 

So far as observed by the writer, and learned from the accounts of prospectors, 
some of whose observations in the district have been extensive, the Koyukuk diggings 
in general are shallow, the gravels being but a few feet thick. Owing to this fact 
the placers are essentially what is known as sununer diggings. Burning and drift- 
ing have been tried, but with only moderate success. About the only streams on 
which any winter work was done during the winter of 1902-3 are Hammond and 
Gold creeks. The richest placers are those in the creek beds and gulches; but 
gold-bearing gravels, sometimes of promising grade, occur also at higher eleva- 
tions on the benches. Much of the gold occurs in the bed-rock cavities or in joint 
and cleavage crevices. It is coarse, much flattened, and ranges in size from that of 
a lima bean down to small grains. It is of high grade, being much purer than most 
of the Alaskan placer gold, and runs from $19 to ^19.60 per ounce. 

An exception to the flattened form of the gold occurs at Gold Bench on South 
Fork. Here the principal diggings are on a gently sloping bench at from 30 to 60 
feet above the stream. On the bench the gold is all flattened, similar to that of the 
Koyukuk district in general, and is nearly all found within 8 to 10 feet of the sur- 
face. At the foot of the bench, however, the gold found in the high-water gravels 
of the present stream is of totalh^ diflferent character. It is not flat and smooth, but is 
roimd or angular, some particles being so sharply angular, rough, and honeycombed 
as to suggest little, if any, transportation since it was released from the mother rock. 

Coarser gold than has been mentioned in the preceding paragraphs has also been 
foimd at various localities in the Koyukuk district. The largest piece found in 1900 
is an 18-ounce nugget, having a money value of about $350, and is reported to be 
from Clara Creek. The largest found during the season of 1901 is a $660 nugget, 
said to have come from Union Gulch. In 1902 a much larger nugget, having a 
money value of about $1,100, was brought out. It is reported to have been found 
on Hammond Creek. This nugget was seen by the writer. It is flat, oblong in out- 
line, having somewhat the shape of a man's hand. It consists of almost pure gold. 
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ven' little quartz being* present. It presents a clean, bright surface and is of a deep, 
rich color. Another nugget, nearly as large as the above, having a weight of 50 
ounces and valued at about ^1,000, was found on Hammond Creek during the same year, 
but was not brought out of the country until this fall (1903). It is described by Mr. 
Prindle as oblong and elongated in outline, flat on one side and rounded on the other. 
According to the most reliable information obtained, the production of the 
Koyukuk district from 1899 to 1903 was about $717,0<X), distributed among the 
v^arious creeks and gulches, principally as follows: 

I^roduction of gold in the Koyukuk district from 1900 to 190S. 



I 



1900. 



1901. 



Myrtle Creek $40,000 



Gold Bench 

Slate Creek 

Emma Creek 

Clara Creek 

Gold Creek 

Tramway Bar 

Twelvemile Creek 

Porcupine Creek 

Ironside Bench and Eagle Bluff . 

California Creek 

Union Gulch 



25,000 i 
l,000?i. 

27,000 
1,000 I 
2,000 I 
5,000 . 
1,000 

500 ' 
1,000 . 



$7,000 
60,000 



40,000 

2,000 

50,000 



1902. 



1903. 



1,500 
1,000 



1,000 
1,500 



Total. 



103,500! 164,000 alOO,000 



^300,000 



a Season's yield, including new discoveries. 



''Season's yield, including North Fork and new discoveries. 



The total of the above table is $667,500. To this should l>e added $40,000, which 
is known to be the approximate output of sundry smaller diggings, not given in 
the above list in 1901; about $6,000 output in 1899 derived mostl}^ from Slate 
and Myrtle creeks and various points on South Fork, and $3,000 to $4,000 won 
from the Tramway and other bars in previous years, all of which to date gives 
an aggregate yield for the Koyukuk district of about $717,(X)0. 

The relatively low yield, not much exceeding $100,000 for the 3^ear 1902, is 
reported to be due to the exceptional dryness of the season and consequent lack 
of water for operations on most of the creeks. On Gold Creek but little sluicing 
could be done, but while the water lasted the yield was rich. On one claim the 
owners are reported to have washed out $12,000 in ten days. 

In connection with the above statement concerning gold should be mentioned 
the reported recent discovery of supposedly promising pyritiferous gold-bearing ore 
near the head of Alatna River, principally on the divide between it and Noatak 
River, which flows westward into Kotzebue Sound. The locality is northwest of 
Bergman, in approximate latitude 67° 40', longitude 155'^. The men who made the 
discovery state that the locality is 170 miles from Bergman, but this must be by the 
river route where the distance traveled is necessarily greatly increased by the very 
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tortuous course of the Alatna. Our knowledge concerning the geography of this 
region is not definite, but the distance across country in a straight line from 
Bergman to the Koyukuk can hardl}'^ exceed 100 miles, and it is probably less. 

The discovery seems to have been made by a party of prospectors and miners 
who visited the region by sled during the winter of 1902-3, and in company with 
others continued to prospect there during the summer of 1903. At present a score 
or more men are reported to be interested in the holdings. 

The country rock is described as quartzite, slate, and schist, and is inferred by 
the writer to be in all probability a westward extension of the Fickett series (Car- 
boniferous) which is prominently developed on John River, 60 miles distant, and in 
which, as indicated on the map (PI. Ill) and on page 106, a mineralized zone in the slate 
and quartzite was observed by the writer in 1901. Without here affirming that the 
mineral deposits of these two regions are connected, it should be noted that the newly 
discovered Alatna deposits seem to lie directly in the trend of the John River 
deposits and have the same strike. This suggests that the deposits of the two regions 
may represent the same mineral belt. 

The Alatna ore deposits are reported to consist of six or more veins, or ledges, 
known as the Copper King, Copper Queen, Lucky Six, Mammoth, Iowa, Gray Eagle, 
Silver King, and Ground Hog. They are on an average about 1 mile apart, and are 
accordingly included in a belt about 6 or 7 miles in width. They lie nearly 
parallel and trend in a northeast-southwesterly direction, and, so far as prospected, 
are in general nearly vertical, or dip about 75^ NW. 

About half of the veins are reported to have a width of approximately 75 feet, 
while the minimum width of the smallest is given as 10 feet. Some of the veins 
have been traced by croppings for distances varying from several thousand feet to 2 
miles. 

Through the courtesy of Mr. Prindle the writer has received for study six of 
these Alatna ore specimens, brought out by the miners in the fall of 1903. In 
these specimens the ore consists essentially of iron pyrites and quartz, with also 
chalcopyrite (copper p3a*ites) which is conspicuous in two specimens. With the 
chalcopyrite is associated a little bornite and a trace of malachite. Another specimen 
is composed essentially of stibnite or sulphide of antimony and epidote. One speci- 
men contains feldspar as a gangue mineral in addition to quartz, and is locally stained 
reddish brown by hematite or iron oxide, which is seemingly an alteration product 
of the pyrites. 

The quartz is largely of the finely granular sugary type, and often remains 
as a porous honeycombed or coralline-like mass where the metallic contents of the 
ore have been leached out of the more exposed croppings. This "skeletonized" 
mass is occasionally traversed by small discontinuous stringers of firmer, greasy- 
lustered, and evidently younger quartz, producing a semibanded appearance, which, 
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considered in connection with slickensiding and planes of weakness exhibited by 
other specimens, shows that ore deposition was followed by rock movement and 
consequent crushing, which produced fractures, into which the barren stringers 
were subsequentl}'^ deposited b}- silica-charged solutions. 

The specimens at hand contain both white and yellow iron pyrites, which is mostly 
fine-grained and normally occurs massive with the quartz, but in a few cases an 
imperfect parallelism, or banding, apparently representing depositional layers of 
quartz and pyrites in varying amounts, is perceptible. 

The value of the ore rests in its auriferous content. At least three of the 
larger veins are reported, from assays made for the owners in San Francisco, to 
carry from $40 to $90 per ton in gold.^ The gold seems to be contained, very finely 
disseminated, in the pyrites, for so far as known no free gold is visible. None 
was seen in the specimens examined by the writer. 

Should these deposits prove to be of economic value, it is noteworthy that be- 
sides being easily accessible by land, they can be approached at high water by way 
of the Alatna River with flat-bottom steamboat to a point within 6 miles of the 
locality, and at low water to a point within 20 miles. The region is reported to con- 
tain a large amount of small timber having a stumpage of about 1 foot in diameter. 

COPPER. 

The only indications of copper seen in this northern country by the writer were 
in detached fragments of quartz, apparently derived from veins, and carrying some 
iron pyrites, copper pyrites, malachite, and a trace of bornite. Such specimens were 
found sparingly in the river gravels on the upper Chandlar in 1899.* Some, seen in 
the possession of prospectors, were reported to have been collected on Mineral Creek, 
at the head of Chandlar Lake, on the west side. A ledge is also reported to have 
been found on East Fork of the Chandlar, which assayed well in copper. But the 
ore is not known to occur in quantities of commercial value. 

In the Ko\^ukuk I^sin the indications are much the same as above described, the 
occurrences being on the upper waters or the tributaries heading in the limestone 
mountains. The principal specimens seen by the writer during the recent work 
consisted of waterworn fragments found in the John River gravels and derived appar- 
ently from quartz veins. They contained some copper pyrites and a little bornite. 
Similar specimens were seen in the hands of Kowak natives on John River. What is 
supposed to be a vein of considerable size, containing iron and apparently copper 
pyrites, was observed in a steep limestone cliff of the Skajit formation overlooking 
the river, where no examination or collection could be made. 



a The Survey has junt completed the assay of four of the above-described ore specimens, with the following results, in 
ounces per ton: Specimen B, gold 0.05; silver none. Specimens C and D, gold, trace; silver, trace. Specimen F, gold 0.10: 
silver, 0.08. These results are not promising. 

bOp. cit., p. 482. 
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LEAD. 

Gralena is known to occur in the Bettles limestone on the upper waters of the 
Chandlar and the Koyukuk. It is also reported on East Fork of the Chandlar. 
Specimens have been seen from Bettles River. Some reported to be from the upper 
part of Hokotena River or Wild Creek, which is the next large river above John 
River, were presented to the writer by Messrs. Windrick and Bettles. In one 
instance the Wild Creek galena is associated with, or partl}^ incloses, quartz crystals 
live-eighths inch in diameter and an inch or more in length, while in another instance 
the associated quartz seems to be chalcedonic. The ledge occurs on Michigan Creek 
(the large east-side tributary of the Hokotena), 3 miles above its mouth, and is sup- 
posed to be in the Skajit formation. It is reported to be of considerable size. Those 
who have prospected it are hopeful that it may prove to be of economic value. It is 
reported to assay some silver and several dollars in gold per ton. 

On the east side of the divide between Middle Fork and South Fork, opposite 
the head of Minnie Creek, a limestone mountain of considerable size is reported 
by prospectors, in which galena is said to occur in large quantity. 

ANTIMONY. 

Pebbles and angular fragments of antimony sulphide, sometimes several inches 
in diameter, are found in the gravels of Gold Creek. A specimen of this mineral 
was determined in the chemical laboratory of the Survey to be a good grade of rela- 
tively pure stibnite. It is traversed by quartz stringers. Judging from the resem- 
blance of the quartz to that seen in the Lake quartz-schists and the locality at which 
the antimony occurs it is inferred that this rock is probably the source of the ore. 

Owing to the remoteness of the region the copper, lead, and antimony ores are 
not in themselves likely to prove of economic value unless the deposits are very 
exceptional in quantity and character. 

ZONES OP METALLIFEROUS MINERALIZATION. 

In the Totsen %eries. — About 40 miles above the mouth of John River, near the 
northern edge of the Totsen series, as shown on the geologic map (PI. Ill), the mica- 
schists, in an area several miles wide trending northeast and southwest, across the 
valley, are stained a pronounced reddish-brown or hematite color, denoting appar- 
ently a zone in which iron pyrites and other sulphides occur more or less abun- 
dantly in the schist. Though the rock could not be examined in detail, it seems 
probable that the stain is due to iron oxide derived from the sulphides by oxidation. 
The residuary soil formed by the disintegration of the schist in this belt is not nearly 
so red as the rock itself, but is rather of a yellow-ocher or limonite color, which 
seems to be due to more extensive oxidation and weathering or to leaching out of 
the mineral matter. 
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In the Fickett nerun, — Toward the northern edge of the Fickett series, east of 
John River, in the Fork Peak region, where the country rock consists of heavy- 
bedded gray and pinkish quaitzite and slate, there is a belt about 2 miles wide which 
is stained bright reddish brown, purple, and some other colors. As shown on the 
map, this Ijelt also trends northeastward a distance of apparently about 15 miles to 
a point where the Fickett series gives way to the Lisburne formation. It seems also 
to extend southwestward beyond John River, but in that direction it is apparently 
not so conspicuous. 

Here again the stain, which is surficial, is due to iron pyrites acted on by the 
process of weathering. A fresh fracture surface in hand specimen shows the zone of 
stain or weathering to be nearly always definitely marked, but in its penetration of 
the rock it may vary in different cases from a mere film to a zone nearly one-fourth 
inch in thickness. As the rock is known to contain iron pyrites very finely dissem- 
inated, and all of the five stained specimens tested by the chemical laboratory were 
found to contain ferric oxide (FcjO,), with some sulphuric oxide (SO,) present in four 
cases, the stain seems undoubtedly to be iron oxide derived from the pyrites by 
process of weathering. The brilliant peacock or bornite color, which by the inexpe- 
rienced prospector would readih' be mistaken for indications of cx)pper, is iridescent 
hematite. The specimen in which no sulphuric oxide occurs was found to contain also 
siderite (FeCO,). 

Whether these zones of mineralization may prove to be of economic value can 
not be affirmed at present, as the rapid progress of the party through the country 
did not permit opportunity for examination. It ma}^ be noted, however, that both 
zones are closely related to fonnational boundaries, the southern being near the 
unconformable and probabl}^ deformational contact of the Totscn series with the 
Skajit formation, while the northern lies along the fault contact of the Fickett series 
with the Stuver series and Lisburne formation; and both zones trend in a general 
wa}*^ parallel with the dominant jointing or major structure of the mountain range. 
The localities at which placer gold claihis have been staked by prospectors, and gold 
colors panned by the writer on John River, lie within the southern zone. 

COAL. 
GENERAL STATEMENT. 

Coal in one form or another, and varying in age from Tertiary to possibly Car- 
boniferous, is more or less widely distributed in northern Alaska. It occurs in the 
Koyukuk drainage on the south side of the mountains, in the plateau on the Anak- 
tuvuk, in the coastal plain on the Colville, and on the northwestern coast, in what is 
commonly known as the Cape Lisburne region, at Wainwright Inlet, Cape Beaufort, 
and several points between Cape Beaufort and Cape Lisburne (PI. V). 
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KOYUKUK REGION. 

Koy^Jcuk Riwer. — On Koyukuk River, in what was formerly supposed to be the 
Kenai** series, lignite and coaly material in small amomit is common in the sandstone, 
grit, and especially in the conglomerate. The best occurrence is just above Tram- 
wa}^ Bar, where there is a vein nearly 12 feet thick, of which the middle 9 or 10 feet 
seems to be relatively pure fuel. Its analysis is given under No. 187 in the table on 
page 114:, which shows it to be a low grade of bituminous coal. There seems to be 
no reason why with development this vein should not prove serviceable for local use. 

John River. — Coal detritus in considerable quantity and of a character to suggest 
the probable occurrence of coal of economic value somewhere in the region north of 
this locality was seen in the John River gravels near the base of the Endicott Moun- 
tains. This coal may apparently with safety be called a good grade of bituminous. 
It breaks with a conchoidal fracture and has a bright shiny or glossy black surface. 

ARCTIC SLOPE. 

Coal has been found also at several points on the Arctic slope, notably on 
Anaktuvuk and Colville rivers. 

AnaktKVuk Rwer, — Coal was first encountered by our party on the Anaktuvuk, 
in the east bank, about 5 miles above the mouth of Tuluga River, about 130 miles 
from the Arctic coast, in latitude 69^ 11', longitude 151° 4'. This coal is of Upper 
Cretaceous age, forriiing part of the Nanushuk series, from which the fossils at this 
locality were collected. As shown in PI. XII, B^ the rocks here dip steeply south, 
at an angle varying from about 80° to nearly vertical, and rise to a height of 100 or 
more feet above the river flats. The coal is conformable with the rocks of the series 
of which it forms members and occurs in several beds, each a foot or more thick. It 
is laminated parallel with the bedding, apparently denoting pressure. Though in 
the weathered state it has the appearance of lignite, it is shown by No. 607 in the 
table of analyses on page 114 to be a bituminous coal, having a fuel ratio of about 
1.20. The quantity thus far observed, however, is hardly sufficient to lead to the 
belief that the bed will prove of economic value in so remote a region. 

ColixUle River. — At about 30 miles north of the above locality and at a distance 
of 100 miles from the coast, on the Colville, in the region of the mouth of the Anak- 
tuvuk, in latitude approximately 69° 32', longitude 151° 30', lignitic coal appears in 
considerable quantit3\ It is found in the Colville series, which underlies the Arctic 
Coastal Plain in this region, and here rises 200 feet above the river nearly to the sur- 
face of the plain, forming bluffs along the left or west side of the river for 10 miles 
both above and below the mouth of the Anaktuvuk. (See PI. VUI.) 

a Schroder, F. C, Reconnaissance along Chandlar and Koyukuk rivers, Alaaka: Twenty-first Ann. Rept. U. S. Geol. 
Survey, pt 2, 1900, pp. 477 and 435. 
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11*^*^ thti <XMd i-^ n^^uudiuit and orin^cuous. Id the talofr at the foot of tibe bluffs: 
it i»? Ktrewij a^xjut ifj detaiched Wor-ki? and fxiwlder* ranging from 1 to eievenil ie^t 
in diaiueter. It»^ fxy;urr«frxif in placp in the bluffi-* ipi for the nxi!4 part in the lower 
tialf of the isectiou. where it afipear^ in half a dozen or more bedc: that are from 1 to 
'4 or more fe<i>t in tbitknes^. and are ^-onformable with the OJrille aeries, of which 
ttiey form luem^ien*. The Ije^i-? lie for the mo^t part nearly horizontal or dip very 
g#'ntl y nortbwani, and are well ex|x>M^ for a distance of probably lo or more miles 
along the river. They an* repre»!ient4-d by the dark or black layeri? in PL VIII. 

Tlie ai9«»rx'iatbd nx'ks. of which a fuller description is given under the bead of 
geifiUigy. i'Otktii^ii in general of heavv l^eds of partially cont-olidated silt, soft shale. 8oft 
hainh^tone. vnry impure limeHtrine. and intermediate types of depoi^it^. 

Ko far a>» ol^iXfn'ed in aM^nding the geologic ruction, the coal layers in most 
<*aMw are underlain by a lii^vy }Mid of wift Hand^tone or shale 3 to 6 feet thick, with 
an intifrv4'ning thin to ^ inch layer of shaly under clay. The shale bed often 
iioniamh fragmental ligfiiti<' plant remains. 

A»* hhown in iUf table of analysis (p. 114). where it is indicated by Xo. 620, 
the i'^ml t^**tuih ti> \Mt a gofxl quality of lignite, with volatile matter 30.^ and fixed 
carUin 3^>.27. As tlie s|>ecimen wa^ considerably weathered, it is probable that the 
analysis h<*re given may fall sf>inewliat short of representing the average efficiency of 
th<* riful. On M'V<*ral *Kxrasions the coal wan used by the party in camp fires, and 
gave g^xxl satisfaction. It burned readil}' and vielded considerable hc^at. 

Th<' c^ml in general pres4*ijts a dull-black appearance, and at first appears massive, 
but on elowr oJ>Mfrvation is found Ui contain nearly horizontal, more or less discon- 
tinuous Im^Is and thin layers of highly metamorphosed material, which is of a deeper 
bla/fk and has a somewhat high anthracitic luster. The main bod^- of the coal seems 
to Ut <'om|K>s4Hl largely of a mass of similarly well-metamorphosed, short, and glisten- 
ing needles or spicules, variously compressed together in horizontal arrangement, 
preMailJfig siiniewhat the ap[>ejirance of an imperfect fibrous or woody structure. 

From the known occurn»nc4? of such lignite and lignitic plant remains in the 
Kenai (()lig<M;erie) els(*where in Alaska, and from the position of tliis coal in the l^eds 
aU)ve the (J[)|>«t ('retm'^Hius and below fossil-bearing Pliocene beds, the coal is 
inferreil to lw» ()lig<K^ne. The vegetable fragments collected from the shale beneath 
the coal w<*re examine! b\' Doctor Dall, who suggests that they are probably the 
needles of AVy/z/z/V/ hnigndU^rffii or some related conifer. He also suggests that the 
uiiiMs of this ctoal is probably composed of the trunks of Sequoia. 

From an economic point of view^, it should be stated that this coal is probably 
not. suital)le for export or for steaming purposes, and, though it is abundant it is 
unlikely, from its remoteness, under present conditions of the country, to prove to 
Im» of value for local use. It is not difficult of access, however, and could readily be 
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brought to the coast on river barges by way of the Colville, and probably on river 
steamers at high water; or over a cheaply constructed railroad across the coastal 
plain. Owing to the shallowness of the coast, however, difficulty would probably be 
experienced in loading it on ocean vessels. 

Judging from the report of Howard, and that of Reed, coal or lignite apparently 
occurs also on the headwaters of the Colville. Concerning the region above the 
native village of Etivolipar, in latitude approximately QS-" 20', longitude 156^, Mr. 
Howard makes the following statement: 

"During the forenoon we passed a hill, al)out 500 feet in elevation, with out- 
crops of coal. On the sides of this hill beyond the coal were also found pieces of 
a substance called wood b}^ the natives. It was hard, brittle, light brown in color, 
very light in weight, and burned readih^, giving out quantities of gas. This material 
was scattered about in all shapes, sizes, and quantities."" 

Mr. Howard's visit to the region was a hasty overland trip made in the closed 
season when the ground was covered with snow and ice, and it embraced but a 
small section, probably 40 to 50 miles, of the Colville. That of Mr. Reed was 
made in the open season when conditions were most favorable for observing and 
making investigations. Mr. Reed, who, in company with Mr. Lucas, is reported to 
have explored and prospected along the river for a distance of 200 or more miles, 
mostly downstream from the mouth of the "Killik" (see p. 31 of this paper), 
likewise reports that thick veins of bituminous coal crop out in the sandstone 
formation along most of the creeks, and states that the coal was burned by his party 
also in their camp fires. 

From the topographic description given by Messrs. Howard and Reed, and from 
the geographic position of the region, being practically on a line with, and about 
intermediate in distance between the Cape Beaufort and Corwin regions on the north- 
west coast, and that of the upper Anaktuvuk in the interior, at which points the 
rocks are known to be coal bearing, or at least of Mesozoic age, the writer infers the 
sandstone formation in which the coal or lignite occurs on the upper Colville to be 
in all probability Mesozoic, and possibly' also like the Corwin series, Jura-Cretaceous. 
And since the Mesozoic coals of the Territory are usually a good grade of bitu- 
minous character, it would not be surprising to find the upper Colville region to 
contain fuel of substantial economic value, similar to the coal produced by the Cor- 
win and Thetis mines on the northwest coast, next to be described. 

NORTHWEST COAST. 

Coal has been known in the vicinit}^ of Cape Lisburne (see sketch map, PI. V) for 
half a century, and since 1879 whaling vessels have replenished their supply from 
this locality. It occurs also at several places along the coast to the northeast as far 



aStoney, Lieut. George M., Naval explorations in Alaska, U. S. Naval Institute, Annapolis, Md., 1900. 
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as Wain Wright Inlet, a distance of about 200 miles. It is not certain, however, that 
the beds at these various points represent the same coal field or even that they all 
occur in the same formation. Though these coals have been somewhat exploited, 
and numerous fossils, ranging from early Paleozoic to Mesozoic, have been reported 
from the region, no definite conclusion has been reached concerning the geologic age 
of the rocks in which the coals occur. 

Wainvyri<j}it Inlet. — The most northerly occurrence of the coal yet reported along 
this coast is at Wainwright Inlet, latitude 70^ 37', longitude 159^ 45'. Here it is said 
by Mr. Woolfe,^ who discovered it in 1889, to occur on the banks of Koog River, 
which flows into the inlet. As the river is shallow at its mouth, flat-bottomed boats 
or lighters would be required for getting the coal to the sea. The coal is described 
by Mr. Woolfe "as being of better quality and containing less detritus than the 
Cape Lisburne mineral. It appears to be a light but hard lignite, burning briskly, 
with but little ash." It is somewhat surprising that this coal should excel the 
Cape Lisburne coal in fuel efficiency, as the latter is believed to be the older, more 
highly metamorphosed, and carbonized. Though the writer was not able to visit 
the Wainwright Inlet exposure, at a point about 20 miles southwest of the inlet 
paleontologic evidence showed the country rock to be probably Jura-Cretaceous 
(p. 74). Judging from topographic criteria, the same formation seems to extend 
bej'^ond Wainwright Inlet. Samples of apparently good coal were found near the 
place where the fossils were collected. Analysis of one of these, however. No. 
653 in the table (p. 114), shows that it is a lignite. 

Though coal float is found in the beach gravels at several localities along the 
coast, actual outcrops of coal were not seen and are probably not numerous. 

Cape Beaufort, — Cape Beaufort, in latitude about 69*^ 10' and longitude 163^ 36' 
(see PI. V), marks the coastal terminus of the line of demarcation between the very 
gently rolling or nearly flat lowland tundra country on the north and the more hilly 
and low mountainous region on the south which merges with mountains that termi- 
nate in Cape Lisburne. It lies about 70 miles northeast of Cape Lisburne. The term 
cape is hardly applicable to Beaufort, however, as there is here no real promontory, 
but only a ridge rising to a height of about 800 feet above the uniform shore line. 

A 6-foot vein of coal occurs in the folded and faulted sandstone of this ridge. 
It is probably best exposed about one-eighth to one-fourth of a mile from the coast, 
whence it seems to extend farther inland and with ciire can probably also be traced to 
the coast. So far as observed, the vein dips gently southwaixl with the rocks of the 
region. As shown in the table of analyses under No. 665, page 114, this is a good 
bituminous coal. 

It may be well to note that Doctor Dall, in his report on Alaskan coal and 



a Report on population and resources of Alaska at the Eleventh Census, lt(90, Washington, 1893, p. 183. 
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lignites, includes under the name of " Cape Beaufort coal measures" all the coal from 
near Cape Lisburne to Cape Beaufort, inclusive, covering a stretch of more than 40 
miles in extent. As the coal throughout this region may possibly, on further inves- 
tigation, all be found to be of the same geologic age, it may for the present fittingly 
be referred to under the one name. It should be remarked, however, that the vein 
at Cape Beaufort, which is the extreme northern limit of the field, is relatively little 
known, while that which is most familiar as the source of supply for the whalers is 
in the extreme southwestern part of the field. Doctor Dall's basis for thus including 
the coal of this entire region under one head is probably the description and extent 
of the occurrence of the coal given by Mr. Henry D. Woolfe, whose report, as con- 
densed by Doctor Dall, is here quoted :« 

'^ Along the beach and coast line from Cape Lisburne for at least 40 miles an 
extensive and well-defined coal field exists. I was engaged for two seasons in 
exploiting these deposits. Research developed the existence of a body of coal 
extending over an area of 25 square miles. There are along the coast line for the 
distance mentioned numerous veins of coal from which the whalemen obtain supplies 
of fuel. The coal is of the type of semibituminous lignite. It makes steam quickly, 
but there is a very large percentage of ash and clinker, and its constant use causes an 
early burning out of the furnace bars. * * * At present the whalemen dig out 
their supplies from the surface veins, climbing the cliffs to obtain it. * * * With 
any wind, except from the coast or southeast, there is no protection on the coast 
mentioned, and the work of boating the coal off to a vessel lying at some distance 
from the shore is diflicult, and in windy weather dangerous. With the ice pack 
offshore a lee is obtained which makes smooth water and facilitates coaling. The 
limit of the important coal-bearing area to the north is at Cape Beaufort, though 
small seams are seen farther on. Between the seams bauds of clear ice intervene, 
and I have noticed on the shelving banks of a small creek that runs through the 
coal land an oily exudation resembling petroleum." 

Until the past few years Mr. Woolfe had seen more of this coal field than any 
other man, and we are fortunate in having the benefit of his observations, though the 
field ma}'^ not prove so large or rich as he inferred. 

Thetis and Corwin mines, — Turning our attention to the southwestern and appar- 
ently most important part of the field, we find here the Thetis and Corwin coal 
mines, old supply points of the whalers and United States revenue vessels. These 
names, Thetis and Corwin, which have appeared on the charts for many years, are 
taken from vessels of the revenue service which replenished their coal bunkers at 
these mines on their annual cruises in the Arctic. 

The Thetis mine is situated near the mouth of Thetis Creek and east of Cape 
Sabine, a low and unimportant promontory, shown in Pis. V and X, C, The coal 
here is said to occur in sandstone and shale. 



a Dall, W. II., Report on coal and lignite of Alaska: Seventeenth Ann. Kept. U. 8. Geol. Survey, pt. 1. 18%, p. 820. 
6 Ibid. 
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The Ck)rwin mines, which at present seem to be by far the most important, 
accessible, and productive, are situated farther to the southwest, near the south- 
western limit of the coal measures referred to by Dall, and about 30 miles east 
of Cape Ijisburne (see PI. V). Coal is reported to have been obtained here by the 
whaling vessels as early as 1879. Its occurrence, so far as observed, is in 10 or 12 
beds, varying from 1 to 10 feet in thickness, all being apparently quite persistent. 
The edges of these Ixids are exposed for a distance of about three-eighths of a niile 
along the coast, which cuts them diagonally, forming a steep cliflf that rises from 
30 feet on the west to more than 100 feet aljove tide on the east, where it attains its 
maximum in a low prominence known as Corwin Bluff. The coal beds, conformable 
with the country rock in which they occur, strike N. 45"^ W. and dip southwestward 
at an angle of 36^, as shown in PI. XIII, B; but eastward, in Corwin Bluff, where 
the rocks are more disturbed, the dip steepens. 

The country rock in which the coal occurs, as shown in the above view, is 
siindstone, shale, and slate, and is probably Jura-Cretaceous. It is more fully 
described under the head of geology, page 72. As noted, it very nmch resembles 
the rocks of the Anaktuvuk series, but is supposed to be older. 

Some of the coal in the Corwin mines has been partially crushed, but not greatly 
damaged, by rock movement. In mining much of it is taken out in large blocks, 
1 to 2 or more feet in diameter, and nearly all of the beds are comparatively pure. 
Average samples collected by the writer gave the analyses under numbers 669 and 
671 in the accompanj'ing table, page 114, showing the product to be a bituminous 
coal of fair grade, with a fuel ratio of 1.10 and 1.30. It is, however, hardly satis- 
factory for blacksmithing or steaming purposes. It was used on the steamship 
Arctic^ on which the party took passage for Nome, but with much the same results 
as indicated by Mr. Woolfe. Though it burns readily and produces steam quickly, 
it is of low specific gravity and not lasting. It takes alwut double the amount of this 
coal as compared with Comax coal to maintain a given steam pressure. It burns 
with little smoke, but produces a large amount of ash and clinker. This instance, 
however, can hardly be considered a fair trial, as, owing to the want of timber, the 
facilities for mining were so poor that much *'bone," rock, and dirt, or foreign 
debris found its way into the coal and thence into the furnace. The coal is reported 
to be good for cooking and household purposes. 

Mr. Charles L. Norton,'* of the Massachusetts Institute of Technology, is said to 
have made the following report to the Corwin Trading Company on "Cape Lisburne 
coal," which was probably collected at or in the region of the Corwin mines: 

''I find that the specimens of Alaska coal which you recently sent me have a 
culorific tx>wer of 7,560 calories per gram. This is quite as good as the average 
western coal, and is not more than 10 per cent inferior to the best eastern coals." 

aBrookH. A. U.. The coal resources of Alaska: Twenty-second Ann. Rcpt. U. 8. Geol. Survey, pt. 3, 1902, p. 566. 
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The Corwin mines were operated to some extent during the sunmier of 1901 by 
the Arctic Development Company, who disposed of the coal in the Nome market, 
mostly for domestic purposes, where it is said to readily command $18 or $20 per 
ton in competition with the Comax or Washington coal at $25 per ton. 

As it is only on the exposed edges of the veins in the face of the beach bluff that 
mining has thus far been carried on, it may be that the quality of the coal will 
improve somewhat with depth, but presumably not to an important extent, since at a 
distance of 10 to 15 feet below the surface the coal appears bright, firm, dry, 
and unweathered. 

There is undoubtedly a large amount of coal in the region of the Corwin mines, 
but there are no harbor facilities. The beach is exposed to heavy surfs, much as it 
is at Nome, and the water is shallow, so that ocean vessels do not often approach 
within three-eighths of a mile of the shore. The coal is loaded aboard the vessels by 
bghters, as at Nome, which, as it can be accomplished only at periods of quiet weather 
or favorable wind, is, to say the least, expensive, uncertain, and tedious. A project 
of constructing an aerial tramway for loading purposes, from the bluff out to the 
anchorage of the vessels, is said to be under consideration. 

The claims in the vicinity of the mines have been taken up, mostly by the Arctic 
Development Company of San Francisco, whose reported plan of future development 
work includes the sinking of a shaft on one of the large middle veins, and cross- 
cutting to the others. 

Area south of Cape lAshime. — Westward, toward Cape Lisburne, the Corwin 
series, in which the coals of the Thetis and Corwin mines occur, is supposed to give 
way to Paleozoic rocks, for the limestone cliffs 4 miles south of Cape Lisburne are 
known to contain Devonian corals and other forms. At about one-third of a mile 
north of this limestone locality, according to Mr. A. G. Maddren, who explored this 
section of the coast in 1900, there is a 4- to 5-foot vein of coal in shale, which dips 
north at an angle of 60°. This is at a point about one-third of a mile north of the 
coral limestone locality. This coal, Mr. Maddren thinks, is considerably older than 
that of the Corwin and Thetis localities. He reports: 

*' It is hard and breaks with a bright fracture. It was tried in the galley stove 
and gave a more intense fire than Nanaimo coal. The engineers said there was not 
enough underdraft beneath the main boiler to burn this coal fast enough for steam- 
ing purposes, that it was too hard and needed forced draft. The only point that 
seems to be against this coal is its lack of weight. It seems to have a low specific 
gravity, but this may be only at the surface, where it is leached out by the weather." 

The low specific gravity here mentioned would seem to place this coal in the 
same class with the Corwin coals, and suggests its possibly being a specimen some- 
what more highly altered by metamorphism. Whether it is of greater geologic age 
than the Corwin, as supposed by Mr. Maddren, can not definitely be stated, but it 
189— No. 20—04 8 
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should be noted that in the shale associated with the coal there is reported to have 
been found by Mr. Dumars a small specimen of Lepidodendron^ which has been 
determined by Mr. David White, who states that it is related to Lepidodendran 
cheinungense^ and that it indicates an age for the shale either of Upper Devonian or 
Lower Carboniferous. 

Mr. Maddren also reports that in the valley between Cape Dyer and The Ears 
(shown in fig. 1) a syncline of shales occurs containing at least one exposure of coal 
along the low sea bluff that rises from 50 to 100 feet above tide. He also states that 
just south of Cape Lewis there is a bluff of shales that seem to contain ''coal blossom." 

ANALYSES OF COAL. 

The following analyses were made by Mr. George Steiger, chemist of the Survey: 

Table of coal analyses. 
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ClilMATIC COXDinONS. 

METEOROLOGIC RECORD FOR 1899. 

The following is a record of meteorologic observations made by the writer on 
a reconnaissance along Chandlar and Koyukuk rivers in 1899, mainly in latitude 65^ 
to 68^, longitude 145^ to 158^. The localities at or near which they were made are 
designated by the position of the dates (month and day) on the map.* 

The thermometer used in this work is an H. Green, cylindrical bulb, Fahrenheit 
scale. 



rt Brooks, A. H., The coal resonrces of Alaska: Twenty-second Ann. Rept. U. S. Geol. Survey, pt. 3, 1902, p. 666. 

bSchradcr, F. C A reconnaissance along the Chandlar and Koyukuk rivers, Alaska, in 1899: Twenty-first Ann. Rept. 
U. S. Geol. Survey, pt. 2, 1900, opposite p. 448. 

The localities refer to camps pitched by the party en route at the close of its day's traverse. Hence the morning obser- 
vation of any given date was usually made at the ciimp preceding the one of the date by which the observation is designated 
on the map, and the 2 p. m. observation of the same date was made at a point about midway between the two camps. 



CLIMATIC CONDITIONS. 



115 



The meaning of the abbreviations used in the table to denote the kind and amount 

of clouds is as follows: 

A-cu =alto-cumula8. 

A-fl =alto-6tratii8. 

Ci =cirni8. 

Ci-cu = cirro-cumulus. 

Ci-s =cirro-stratu8. 

Cu = cumulus. 

Cu-n = cumulo-nimbus. 

N = nimbus. 

S =stratus. 

8-cu =strato-cumulus. 

=clear sky. 

1 =sky one-tenth cloudy. 

5 =sky five-tenths or one-half cloudy. 
10 =sky all cloudy. 

The wind velocities here given were determined by estimate, but as some judg- 
ment had previously been acquired by the observer in forming estimates of wind 
velocity by noting the impressions it makes upon the person and the speed of light 
objects transported by it, and then comparing the estimates thus formed with the 
readings of standard anemometers, with which he had several years' experience, the 
estimates here given are believed to be approximately correct. 

Since the barometric readings here given were made on an aneroid, where there 
were no field facilities for its comparison with a mercurial barometer, they purport 
to be of minor value only. 

In the preparation of the table for publication, suggestions have been contributed 
by Dr. Cleveland Abbe, jr. 

Meteorologic observations aiong Chandlar and Koyuhik rivers essmtiaUy at? a,m. and fB and 9 p.m., from 

June 19 to September £S, 1899, 



Locality and date. 



Tempera- 
ture. 



Clouds: Kind 
and amount. 



Wind: Direc- 
tion and 
velocity in 
miles per 
hour. 



Barometer. 
(Aneroid.) 



Weather. 



Remarks. 



Fort Yukon: 

June 19 

20,2 p.m. 

21,9 a.m. 

2 p.m. 

9 p.m. 

22,7 a.m. 

Mouth of Chand- 
lar Riyer: 

June 22,2 p.m. 

9 p.m. 

28,7 a.m. 

2 p.m. 

9 p.m. 



Degr.F, 
58 to GO 
69 
58.9 
64 
63 
68.8 



74.6 

66.6 

64.2 

68 

66 



Cu.9 .. 
Cu. 8 .. 
C1-CU.3 
Ci-cu. 6 
Ci-cu. 8 
Ci-cu. 8 

Ci-cu. 4 
Ci-cu. 7 
Ci-cu. 4 
Ci-cu. 8 
Ci-cu. 7 



mgh. 

mgh. 

Moderate. 

Moderate. 







8W. 10. 


SW. 16. 
8W. 16. 

P 



29.2 

29.16 

29.1 

29.16 

29.14 

29.12 

29.16 

29.1 

29.07 

29.01 

28.98 



Blustery 

Blustery, showery 

Fine 

....do 

do 

....do 

....do 

Fair 

Showery 

....do 

....do 
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BECONKAIBSANCE IN NOBTHEBN ALASKA IK 1901. 



AfeUoroloffic observations along Chandlar and Koyukuk rwer$ eutniially oU7 <u m, and 9 and 9p. nu, from 

June 19 to September fS, i^P— Continued. 









Wind: Direc- 








Locality and date. 


Tempera- 
ture. 

Degr.F. 


Cloudu: Kind 
and amount. 


tion and 

Telocity in 

miles per 

hour. 


Barometer. 
(Aneroid.) 


Weather. 


BemarkB. 


Chandlar River: 












Jnne 24,7 a.m. 


52 


Ci.8 


8W.16. 


28.98 


Threatening 




2 p.m. 


60 


Ci.2 


J3W. 16. 


29.06 


Bright and fine... 




9 p.m. 


50 


Ci.4 


8W.20. 


29.06 


do 




25,7 a.m. 


51 


Ci. 1 


8W.20. 


29.16 


do 




2 p.m. 


66.6 I Oi.6 


8W. 16. 
8W. 10. 


29.15 
29.16 


do 




9 p.m. 


54 


Ci.2 


do 




26,7 a.m. 


51 
57.5 


Ci.l 

N.9 


8W.6. 
8W.4. 


29.12 
29.6 


do 




2 p.m. 


8howery and rain. 




9 p.m. 


54.6 


N.8 


8W.16. 


29.6 




Temperature water, Chandlar 






River = 54.6°. 


27, 7 a. m . 


48 


Ci. 1 


8W. 20. 


29.12 


Bright 




2 p.m. 

9 p.m. 

28,7 a.m. 


56 


Cl-cu. 8 


8W. 10. 


29.1 


Bright (?) 


(?). 


48 


Ci-cu. 4 . 





29.11 


Bright 




53 


Ci-ou. 2 


8W. 2. 


29.05 


do 


Two good showers last nifirht. 


2 p.m. 
9 p.m. 


59.5 


Threaten'g 8 
N. 10 


8W. 8. 


29.0 


8howery 


53 


NNW. 6. 


28.9 


do 


Stormy on mountains. 


29,7a.m. 


54 
69 


N.9 


W.5. 
W.2. 


28.9 
28.92 


do 


Do. 


2 p. m. 


Cu-S. 8 




Mountains smoky; tempera- 
ture river »= 62°. 






9 p.m. 
80,7 a.m. 


62.5 


N. 10 


8W. 20. 


28.8 


8howery 


Blustery. 


44.5 


Cu-n.9 


8W.20. 


28.8 




Do. 


2 p.m. 


46.5 


N.IO 


SW. 16. 


28.85 


8teadyrain 


Showery all a, m. 


9 p.m. 
July 1,7 a.m. 


46.5 
44 


N.IO 

N.IO 


8W. 10. 
8W.5. 


28.86 
29.8 


do 


Rained all p. m. 
Rainy all night. 


do 


2 p.m. 


47 


N-CU.8 


8W.8. 


29.06 


Showery 


Clearing (?). 


9 p.m. 
2,7 a.m. 


49 
53 


N-CU.6 

Ci-cu. 6 



W.20. 


29.06 
29.1 


do 


Do. 


"Bright 


Temperature river =« 49°. 


2 p.m. 
9 p.m. 


54 
62 


N.8 


8W.80. 
8W. 20. 


28.9 
28.9 


Showery 


Showers. 


N.7 


do 


Do. 


8, 7 a. m . 


54 


N.8 


8W. 20. 


29.04 




Blustery. 

Clear and fine ; sunset at 10 p. m. 

Clear and fine. 


2 p.m. 
9 p.m. 


57 


Ci-cu. 2 


SWW. 20. 


29.1 


Clear 


49 


Cl-cu. 1 


8.770W. 1. 


29.2 


do 


4,7 a.m. 


60 


Ci.2 


8. 770 W. 6. 


29.80 


Bright; haxy 


Hazy; bright. 


2 p.m. 


62.5 


CI.8 


8. 770 W.20. 


29.20 




Th rm^tening. 


9 p.m. 


55 


N.8 


8W.20. 


29.0 


Threatening 

Bright 




6, 7 a. m . 


56.5 


Ci.2 


8 W.20. 


28.90 


Bright 


2 p.m. 


68 


Ci.2 


W.80. 


28.1 


do 


Bright. On lava butte at edge 
of mountains and Yukon 
flats. 




9 p.m. 


64 


Ci.3 


W.20. 


28.9 


do 


Bright 


6,7 a.m. 


60.5 


Ci-cu. 4 


W.20. 


28.9 


do 


Bright; temperature river be- 
low Fork8=56o, 11 a. ra.; tem- 
perature Lake Fork =s 55. 6, 
11.30 a. m. 


2 p.m. 


66.6 


N. cu. 8 


W.20. 


28.7 




Cloudy; temperature above 
Forks=5&.8, 12 m. 






9 p.m. 


56 




W.l. 


28.18 


Heavy shower at 
5 p.m. 


Bright 




7,7a.m. 


52 


8 


W.IO. 


28.9 




Hazy. 

Fine warm day. 
Do. 


2 p.m. 


65 
66 
68 





W.6. 



W.2. 


28.8 
28.8 
28.76 




9 p.m. 







8.7 a.m. 







Fine warm morning. 

Warm day; temperature river 
-66°. 


2 p.m. 


69 





W.IO. 















i 
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Metearoloffic observations along Chandlar and Koyukuk rivers essentially at 7 a. m. and 2 and 9 p. m.ffrom 

June 19 to September 23^ i«Wd— Continued. 



Locality and date. 



Tempera- 
ture. 



Clouds: Kind 
and amount 



Wind: Direc- 
tion and 
velocity in 
miles per 
hour. 



Barometer. 
(Aneroid.) 



Weather. 



Remarks. 



Chandlar River- 
Continued. 



July 



8, 9 p. m 

9, 7 a. m 

2p.m 

9p.m 

10, 7 a. m 

2p.m 

9p.m 

ll,7a.m 

2p.m 

9p.m 

12,7a.m 

2p.m 

9p.m 
13, 7 a. m 

2p.m 

9p.m 
14,7a.m 

2p.m, 

9p.m 
15,7 a.m. 

2p.m 

9p.m 
16, 7 a. m. 

2 p.m. 

9 p.m. 
17,7 a.m. 

2 p.m. 

9 p.m. 
18,7a.m. 

2 p.m. 

9 p.m. 
19,7 a.m. 

2 p.m. 

9 p.m. 
20,7 a.m. 

2 p.m. 

9p.m« 
21,7a.m 

2 p.m. 

9 p.m. 
22,7 a.m. 

2 p.m. 

9p.m. 
23,7a.m 

2p.m 

9 p.m. 
24,7 a.m. 

2 p.m. 

9p.m 



Degr. F. 
61.5 
66 
73.5 
61 

56.5 
57 

62.5 

58 

56 

50 

49 

55 

52 

58.5 

54 

58.5 

56.5 

58 

50 

60 

58 

68 

61.5 

54 

46.5 

48 

54 

48.5 

45.5 

56 

51 

47 

63 

47 

47 

64 
44 
48 
60 
49 
59 
70 
55 
69 
67 
56 
51 
74 
66 





Hazy 9.. 





N.IO.... 
N.9..... 



N.9 

N. cu. 8... 

N.IO 

N.IO 

N.IO 



N.8 

Ci-«. 6... 
Ci.2.... 
Ci. 1.... 
CI.l.... 



8.4 

N.7 

N.IO.... 
N.IO.... 
N.IO.... 
N. 10.... 
N-cu. 8 . 



Ci-cu.2. 

2 

N.9 

N.9 

N.9 

N.IO.... 

N.9 

N.9 



Ci-cu. 8 . 
Ci-cu. 6 . 



Ci. 1.... 
Ci-cu. 3 . 
Ci-cu. 5 . 
Ci-cu. 4 . 
Ci.9.... 



Ci.2...- 

N.5 

Ci.5...- 
Ci-cu. 2 . 
Ci-cu. 5 . 



Ci-cu. 4 . 
N.7 






W.20. 
W.2. 


W.30. 

W.20. 
SW. 20. 
8W. 10. 


SW. 5. 


SW. 5. 
SW. 10. 
SW. 15. 
8W.2. 
SW. 3. 
SW. 10. 
SW. 1. 






SW.5. 
SW. 15. 
SW.30. 
SW. 20. 
SW. 10. 
SW. 15. 
SW. 10. 
SW.5. 
SW. 10. 
SW.6. 
SW.20. 

SW. 15. 
SW. 15. 

SW.20. 

SW.5. 
SW. 10. 

8.10. 




8W.2. 



SE. 10. 

NWW. 10. 

W. 5. 
SWW. \. 
NEE. 4. 
NEE. 8. 



Showerj'. 
do... 



.do. 
.do. 



.do. 
-do. 
.do. 

.do. 



Bright and sunny 

...-do 

....do 

....do 

....do 



Raining steadily . 

Raining 

Showery 

Raining 

Showery? 



Rainy and foggy 

Foggy 

Rainy and foggy 



Threatening; 
showery. 

Dubious 

Clearing 



Bright. 



Dull... 
Bright. 
....do. 
....do. 
....do. 
....do- 
.-..do. 
....do. 
....do. 
....do. 
...-do. 



Warm day. 

Sultry. 

Clear. 

Do. 

Dark and rainy. 

Location: Station 3 at 4,000' on 
Granite Creek. 

Stormy and blustery. 

Showery. 

Do. 

Showery; temperature river = 
46.5°. 

Showery. 

Showery till 5 p. m. 

Temperature rlver=49o. 



Rained during night 



Rainy all night 
Temperature rlver=46°. 

Bright and sunny. 

Do. 
Threatening. 
Rained during night 
Temperature river = ASP, 

Dubious. 

Dubious. Location: Chandlar 
Lake. 

Showery in p. m. 

Somewhat cloudy on moun- 
tains. 

Very windy. 

Cool. 

Do. 

Do. 

Do. 
Warming. 

Warm; temperature river = ffp. 
Cooling. 
Warming. 
Comfortable. 
Cooling. 
Warm. 

Do. 
Cooling. 
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Meteorologic observaHans along Chandlar and Koyukuk rivers essentitUly at? a,m. and t and 9p, m,, from 

June 19 to September es, i^^— Continued. 



Locality and date. 



Tempera- 
ture. 



Clouds: Kind 
and amount. 



Wind: Direc- 
tion and 

velocity in 

miles per 

hour. 



Barometer. 
(Aneroid.) 



Weather. 



Remarks. 



Chandlar River- 
Continued. 

July 25,7a.m 

2p.m 

9p.m 

26,7a.m 
2p.m 
9p.m 

27,7a.m 
2p.m 

9 p.m. 
28,7a.m 

2p.m 

9p.m 
29,7a.m 

2 p.m. 

9p.m 

80,7 a.m. 

2p.m 

9 p.m. 

31,7 a. m, 

2 p.m. 

9 p.m. 

Aug. 1,7 a.m. 

2 p.m. 

9 p.m. 

Koyukuk River: 

Aug. 2,7a.m 

2 p.m. 

9 p.m. 

8,7 a.m. 

2 p.m. 

9 p.m. 

4,7a.m, 

2 p.m. 

9 p.m. 
5,7 a.m. 

2 p.m. 

9 p.m. 
6,7 a.m. 

9 p.m. 
7,7 a.m. 

2 p.m. 
9 p.m. 

8,7 a.m. 

2 p.m. 

9 p.m. 
9,7 a.m. 

2 p.m. 

9 p.m. 



Degr.F. 
56 
68 
69.5 
59.5 
71 
56 
61 
73 

60 
60 
61 
46 
49 



48 
87 
68 
50 
41 
61 
62 
51 
74 
62 

67 
74 
60 
57 

52 
45 
52 
46 

45 

54 

56 

54 

48.5 

54 

58.5 

65 
50 

50 

67.5 

51 

63 

67.5 

45 



Ci-cu. 2 . 
Ci.l.... 
Cl-cu. 2 . 







Ci.8.... 
Cu-n. 5 . 

Cu-n. 6 . 
Cu-n. 5 . 
Ci-cu. 3 . 









Hazy... 
Hasy ... 
Easy... 

N.l 

Ci-cu. 5. 
Ci.2.... 
N.6 



CI-CU. 4. 
Ci-cu. 6. 

N.7 

N.IO 



N.IO.... 
Ci-cu. 4. 



8.3 



Cu-n. 5 

Cu.4 

Cu-n. 9 

Cu-n. 9 

N.IO 

N.9 

N. 9 and fog. 

N.9andfog. 
Ci-cu. 2 





Ci-cu. 8. 
Ci-cu. 4. 



Ci-cu. 4. 
CI.8.... 



8WW. 5. 
8WW. 



8WW. 

SWW. 5. 


NW. 10. 
NW. 15. 


NW.5. 
NW. 15. 
NW.5. 






NW.5. 










NW.5. 



NW.5. 
NW.8. 
NW.5. 
NW.4. 


W.4. 
W.4. 
8W.7. 



8W.4. 



W.5. 







NW.4. 
NW.5. 





Bright. 



Showery about 
lake. 

Showery in p.m.. 



Showery 

Raining 

Rain In night ... 
Hasy; bright — 



Hasy; bright. 



Showery 

Rained hard 49 
minutes. 

Rainy 

Clearing 



Rainy 

....do 

Raining all night. 



Fine, comfortable day. 

Do. 
Fine; somewhat hasy. 
Fine. 

Fine; moonlight 
Fine; warm. 

Do. 

Fine; comfortable. 

Warming. 

Fine day. 

Do. 

Wanning. 

Location : Summit of Chandlar- 
Koyukuk portage at 8,50(K. 



Clearing. 
Fine. 



Fair. 
Cooling. 
Comfortable. 
Rainy and foggy. 



Clearing and cool. 

Warming fast (?). 

Cold. Location: Mount Hormoe 
at 5,600'. 

Do. 

Heavy frost. 

CooL 

Comfortable. 

Cool. 

Comfortable. 

Clearing (?) and oolder; river 
rose 2 inches. 

Clear(?) warming (T). 

Evening clearing (rained dur- 
ing night). 

Bright and warming. 

Showery 5 to 8 p. m. 

Bright. 

Temperature creek«*65^. 

Oool. 
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Meteorologic dbservaiions along Chandlar aT\d Koyukuk rivers essentially at? a.m. and f and 9 p, m.,from 

June 19 to September 23y i^PP— Continued. 



Locality and date. 



Tempera- 
ture. 



Clouds: Kind 
and amount, 



Wind: Dlre<v 

tlon and 

velocity in 

miles per 

hour. 



Barometer. 
(Aneroid.) 



Weather. 



RemarkH. 



Koyukuk River- 
Continued. 

Aug. 10,7a.m 

2p.m. 

9p.m, 
U,7a.m 

2 p.m. 

9p.m 
12,7a.m 

2 p.m. 

9p.m 
13,7 a.m. 

2 p.m. 

9 p.m. 
14,7 a.m. 

2 p.m. 

9 p.m. 
15,7a.m, 

2 p.m. 

9 p.m. 
16,7 a.m. 

2 p.m. 

9 p.m. 
17,7 a.m. 

2 p.m. 

9 p.m. 
18, 7 a. m. 

9 p.m. 
19,7 a.m. 

2 p.m. 

9 p.m. 
20,7 a.m. 

2 p.m. 

9 p.m. 
21,7 a.m. 

2 p.m. 

9 p.m. 
22,7 a.m. 

2 p.m. 

9 p.m. 
28,7a.m. 

2 p.m. 

9 p.m. 
24,7 a.m. 

2 p.m. 

9 p.m. 
25,7 a.m. 

2 p.m. 

9 p.m. 
26,7a.m. 

2 p.m. 
26,9 p.m. 



Degr. F. 
67 



68 

49 

69 

58.5 

53.5 

74 

54 

52.5 

54 

56 

66.5 

69 

48.5 

49 

68 

52 

60 

66.5 

57 

46 

62 

60 

46.5 

34 

48 

63 

53.5 

62.6 

61 

50.5 

49.5 

69 

49 

44.5 

55 

46 

43 

62 

43.5 

43 

60.5 

88 

43 . 

52 

45 

41 

63 

68 



Ci-cu. 2. 
Ci-cu. 3.. 

Ci-cu. 4. 
Ci-cu. 2-. 
Ci-cu. 4., 
Ci-cu. 4-. 
Ci-cu. 6. . 

Ci-cu. 3.. 
Ci-cu. 4.. 

N.9 

N.8 

N.IO 

Ci-cu. 4 . . 
Ci-cu. 4.. 



C1-CU.2.. 
Ci-cu. 6 . . 
a-cu. 10 . 
Ci-cu. 10 . 

N.IO 

N.IO 

N.IO 

N.IO 

N.IO 

N.IO 



S.2 

Ci-cu. 3.. 

8.2 

8.2 

Ci-8. 2.... 

N.9 

Cu-8. 7... 
Cu-n. 8. . . 
N.IO 

a-8. 8.... 

Cu. 7 

Cu-fl.8 ... 
Cu-fl. 9 . . . 
Cu-n. 4... 

8.2 

Cu-8. 8 ... 
Ci-8. 2.... 



CI-CU. 3.. 

Ci. 3 

Ci-cu. 2 . . 

Ci.2 

C1.2 

8.8 



NW.4. 

NW.2. 


NW.2. 
NW.4. 

W.4. 

W.2. 



NNE. 
NNE. 5. 
NNE. 4. 

NNE. 

NNE. 
NNE. 



NNE. 
SW.6. 
8W.4. 
SW.8. 







* 
NE.8. 
NE.3. 
NE.4. 

E. 
8W. 






SW.4. 
8W.6. 


8W.3. 
SW.4. 


SW.4. 
SW.4. 
8W.4. 
SW. 10. 
SW.9. 


SW.2. 
8W.4. 
8W.2. 



Rain little in 
night. 



Sprinkled ... 
Sprinkled ... 
Raining . . . . . 
Rainy night . 

Pair 

do 

.....do 



Raining . 



Showery. 
do... 



Raining 

....do 

Misty and fog . 
Rainy night . . . 



Raining 

Rainy night . 



Rainy . 



Showery 

Fine 

Showery in night. 



Comfortable. 

Cool. Location: Fault Moun- 
tain at 5,000^. 

Do. 

Do. 
Fine day. 

Do. 
Fair morning. 

Fine warm day. 
Fair evening. 
Threatening. 

Do. 

Do. 
Clearing. 



lon 



Myrtle Creek. 



Showery. 



Fog. 



Rained all night 

Rainy day. 

Rainy and foggy all day. 

Misty and foggy. 

Some fog. 

Bright, temp, rising. 

Do. 

Do. 

Do. 
Fine day. 
Threatening. 
Clearing(?). 
Threatening SW. 

Cool and clearing(?). 
Fine day. 
Cool and dull. 

Do. 

Do. 

Do. 

Do. 
Cool; fine day. 

Do. 

Do. 

Do. 

Do. 
Haxy; cool; fine day. 

Do. 
Waim; hasy. 
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BECONNAI89ANCE IK NORTHERN ALASKA IN 1901. 



yfft^oroioffic obserradcnui along Chandlar and Koyuhuk rivrrn es$entiaUy at7 a. m, and f and 9 p. •m.^fram 

June 19 to September 2S, 1899 — Continaed. 



Locality and date. 



Sept. 



Koyuknk River- 
Continued. 

Aug. 27,7 a.m. 

2 p.m. 

9 p.m. 
2«,7n.m. 

2 p.m. 

9p.m 
29,7 a. m 

2 p.m. 

9p.m. 
30,7 a. ra. 

2 p.m. 

9 p.m. 
81,7 a.m. 

2 p.m. 

9p.m. 
1,7a.m. 

2p.m. 

9 p.m. 
2,7 a.m. 

2p.m. 

9p.m. 
8,7 a.m. 

2 p.m. 

9 p.m. 
4,7 a.m. 

2 p.m. 
9 p.m. 
6,7 a.m. 
2 p.m. 
9 p.m. 

6,7 a.m. 

2 p.m. 

9 p.m. 
7,7 a.m. 

2 p.m. 

9 p.m. 
8,7 a.m. 

2 p.m. 

9p.m. 
9,7 a.m. 

2 p.m. 

9 p.m. 
10.7 a.m. 

2 p.m. 

9 p.m. 
U,7a.m. 

2 p.m. 

9 p.m. 
12,7a.m. 



Tempera- 
ture. 



Clouds: Kind 
and amount. 



I)egr. F. 
54 

56 

53 

4M 

48.5 

47.5 

47 

52 

47 

42 

54 

46.5 

43 

51 

89 

86 

60 

60.5 

45.6 

52.6 

45 

45 

61 

52 

51 

57 

61.5 

61 

58 

49.5 

46 

65 

47 

47.6 

61 

47.5 

44 

68.5 

49 

44 

60.5 

48.5 

44.6 

54.5 

48 
47 
68 
49 
34 



N.IO 

N.IO 

N.IO 

N.IO 

N.IO 

Ci-n.8 

Ci-n.8 

Ci-n.7 

Cu.6 

Ci-n.7 

Cu-n.8 

Cu-n.7 

Cu-n.5 

Ci-«.4....... 

Ci-€.3.... 

Hazy.... 

Hazy 3... 

Cu-n.S I 

Cu-n.7 ! 

Ci-cu.2 .. 
Cl-cu.3 ,. 

Ci.8 

Cl-«.4-... 
Cu-R. 7 . . . 
N.9 



Cu-n.8. 
N.IO... 
N.IO... 
N.IO... 
N.IO... 



N-H.9... 
Cu-n. 8. . 
Cu-8. 6 . . 
Cu-8. 7 . . 
Ci-cu.8. 
Cu.2.... 
Ci.l .... 
Cu-8. 7... 
Ci-fJ.l... 
Ci-s.2... 
8-n.8 ... 
8-n.8... 
B-n.9... 
CI-cu. 2 . 



N.8-... 
N.IO... 
Ou-s. 4 . 
8.2-... 
Ci-fi. 4.. 



Wind: Direc 

tion and 

velocity in 

miles per 

hour. 



8W. 8. 
8W. 4. 
SW. 6. 
SW. 2. 
8W. 6. 
8W. 7. 
SW. 6. 
8W. 10. 
SE. 4. 


8W. 8. 




SW. 10. 
8W.2. 
NE. 3. 
8W.2. 




88W. 3. 
SWW. 2. 


E.7. 








8E. 4. 



SW. 8. 
SW. 1. 



SW. 10. 



NE. 12 (?). 

NE. 12 (?). 

NW. 2. 

N.3. 

E. 8. 





NE. 1. 


SW. 4. 
8.15. 







Barometer. 
(Aneroid.) 



Weather. 



Bainy all night 

Showery 

Raining 

Rainy 



Remarks. 



. Some fog 

do... 

.| do... 

.' do... 



I 



Warm. 
Do. 

Rainy all day. 

Rainy morning and last nigrht. 

....do ; Rainy. 

Clearing (river rising) . 

, Clearing (?). 

Stormy ■ Clearing (?) (river rising) . 

Showery all day; clearing. 

Clearing (?). 

Showers in a. m. 

Stormy in p. m. 

Fine morning; clearing (T). 

Fair. 

Fine mackerel sky in north. 

Fine morning; frost 

Fine mackerel sky in a and 8E. 

Threatening. 

Fair day, somewhat hazy. 
Fair evening. 
Fair morning. 
Fair day. 
Dubious. 
Do. 

Dubious (river 4SP). 
River fell 1 foot in 24 houn. 

River still faUing. 

River still falling; fell several 
inches since. 



, 


■ Some fog 















1 


! 


1 


1 


Showery during 

night. 



Rainy p. m 

Rainy all night.. 
Rainy all a. m . . 
Rainy p. m 



Rainy all night... 



Showery - 



Do. 



Fair day and cooler. 

Cool. 

Fine day (river HP), 

Fine day. 

Fine morning. 

Fine day a. m. (river 61.5P). 

Fine evening. 

Fine a. m. (river 48°). 

Fine a. m.; threatening now. 

Moderately fair evening. 

Dubious (river 49°). 

Cloudy a.m.; p.m. hazy, but 
fine (river 49*). 

Fine day. 

do I Very foggy and misty. 

I Fair day (river 50°). 

j I Fine, cool evening. 

I Fog,lowandden8el Fine morning (frost). 



OLIMATIO CONDITIONS. 
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MeUorologic observations along Chandlar and Koyukuk rivers essentially at? a.m, and 2 and 9 p, m., from 

June 19 to September SS^ 1899 — Ck>ntinaed. 



Locality and date. 



Tempeia- 
ture. 



Clouds: Kind 
and amount. 



Wind: Direc- 
tion and 
velocity in 
miles per 
hour. 



Barometer. 
(Aneroid). 



Weather. 



Remarks. 



Koyukuk River— 
Contlnned. 

Sept. 12, 2 p.m. 

9p.m 

13,7 a.m. 

2 p.m. 

Lower Yukon 
River: 

Sept 13, 9 p.m. 

14,7 a.m. 

2 p.m. 

9 p.m. 

15,7a.m, 

Nnlato: 

Sept. 15,2 p.m. 

9 p.m. 

16,7 a.m. 

2p.m, 

9 p.m. 

Steamer Weare: 

Sept 17, 7 a. m, 

2 p.m. 

9 p.m. 

18,7 a.m. 

2 p.m. 

Holy Cross: 

Sept. 18,9 p.m. 

19,7 a.m. 

2 p.m. 

Andreafski: 

Sept. 19,9 p.m. 

20,7a.m. 

Steamer Weare 
60 miles below 
Andreafski: 

Sept. 20,2 p.m. 

9 p. m. 

Aphoon mouth: 

Sept. 21,7 a.m. 

Norton Sound: 

Sept 21,2 p.m. 

St Michael: 

Sept 21,9 p.m. 

22,7 a.m. 

2 p.m. 

9 p.m. 

23,9a.m. 

2 p.m. 
9 p.m. 



Degr.F. 
52.5 
49.5 
44.5 
52 

47.5 

41.5 

51 
89 
87 

48 
32 
21 
33 
31 

29.5 



8-Cu 

Cu-n. 10 . 
Ci-8. 2 ... 
S-n.9..-. 



Cu-n. 6 . 

Cu-8. 4 . . 

Cu-s. 5 . . 
S-n.6... 
&-n.8... 



S-n.9.. 
S-n. 4.. 
SK!U. 1. 
Shiu. 2. 
10 



82.5 
87 



83.5 
1W.5 



87 
84 

88.5 

89 

85 
84 
35 



Frozen 
hard. 



Ci-cu. 4 . 
Cl-cu. 8 . 



Ci-cu. 6. 
10 



N.8.... 
Ci-fl.4 . 



10 

Ci-s. 10 . 
10....... 

10...... 



E.2. 





8W.12. 

SW. 16. 

8W. 20. 

SW.20. 
SW. 10. 
SW. 15. 

SW. 10. 
NW.3. 
NE.2. 
NE.9. 
NE.8. 

NNW.8. 



8W.2. 
SW.l. 



S. 
10. 



SW.6. 

W.2. 



Nearly calm. 
Nearly calm. 
Ci-cu. 7 jNearlycalm. 

a-cu.4 ' SW.IO. 

Ci-cu. 6 1 



Threatening. 
Rainy 



Showery. 



Rained hard in 
night. 

Stormy (?) 



Showery (?) . 
Showery 



Snowing hard . . 



.do. 
.do. 



Snowing; scatter- 
ingly. 



.do. 



Fog. 



Some fog 

Snowing hard . 



Snowing. 



do... 

Snowy... 
Snowing. 
do... 



Snowing. , 
....do... 



Threatening (river 48.5°). 

Clearing; fair morning. 
Showery and threatening. 



ny. 
Station. 

Stormy, but clearing. 

Storming. 
Stormy at Nulato. 
Storming. 

Do. 

Cold. 

IceHnch thick; fine morning. 

Hazy. 

Snowed since 3 p. m., and snoip- 
Ing hard now. 

Snowed hardali night; Sinches. 
Snowed most of the day. 



Clearing (?). 
Do. 

Fair, moonlight evening. 
Boat stopped by fog. 



Blustery. 
Wintry. 

Fog. 

Fair p. m. 



Threatening. 
Snowed all a. m. 
Cold. 
Do. 

Do. 
Do. 
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BECOim^ISSANGE IN KOBTHEBK ALASKA IW 1901. 



METEOROLOGIC RECORD FOR zgoz, BY W. J. PETERS. 

Snow was found to average about 6 feet deep in the Koyukuk Valley in April^ 
and as the preliminary expeditions ascended the north tributaries flowing from the 
Endicott Mountains in April the depth was found to decrease until the grasses were 
visible in the floor of the passes. By June this deep snow had practically disap- 
peared from the lowlands. Natives report that north winds blow through the passes 
of the Endicott Mountains with great force in winter, during which season it is 
dangerous to travel. It is not only dangerous to face the wind, but there is risk of 
the sled being broken by its being blown against projections in the smooth ice. 
Fogs were found on the pass in April and dense haze in July. In both cases this 
seems to have been blown in from the coast. 

The following table, showing the temperatures at Uglaamie, 9 miles from Point 
Barrow, is taken from the report of the Ray expedition, 1881-1883: 

Temperature observatums at Uglaamie, 
[In degrees Fanrenheit] 



Month. 



1881. 
November . . . 
December . . . 

1882. 

January 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

November . . . 
December . . . 

1883. 

January 

February 

March ...-., 

April 

May 

June 

July 

August 



Mean. 




-18 

-15 
-23 

— 4 

— 4 
22 
34 
43 
38 
31 

9 

— 7 
-17 

-17 

— 6 
-13 

— 3 
23 
32 
36 
37 



Maximum. M*"*??>"Tn , 



30 



20 
- 2 
23 
32 
37 
53 
65 
50 
51 
41 
29 
8 

12 
24 
26 
16 
38 
51 
53 
60 



-28 



-45 

-52 

-30 

-23 

- 2 

24 

27 

27 

19 

-22 

-36 

-42 

-42 

-34 

-51 

-30 

-14 

18 

27 

22 



CLIMATIC CONDITIONS. 



128 



The highness of the minimum temperatures given here for the winter months, 
which are 30^ to 40^ above those of the Koyukuk country in the interior, is obviously 
due to the moderating influence of the ocean. At Cape Bathurst, northeast of the 
Mackenzie, in longitude 127° 3(y, and latitude nearly as far north as that of Point 
Barrow, the lowest temperature experiencedf f or the past two winters is reported by 
Mr. Fox, one of the white keepers of a trading post here, to be — 36°. 

Thunder is rare at Point Barrow, but is known by the natives to occur. 



Precipiiaiion at Uglaamie, 9 miles from Point Barrow; taken from the report of the Bay expedition, 1881-188S. 



Month. 



January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September . 
October ... 
November . 
December . 



1881. 



InchM. 



0.73 
.44 



1882. 



Inches. 
0.44 

.04 

.51 

.39 

.44 

.61 

1.30 

1.46 

1.10 

1.05 

.34 

.24 



1883. 



Inches. 
0.14 

1.02 

.14 

.55 

.31 

.30 

1.04 

1.66 



MBTEOROLOGIC RECORD FOR X885-86, BY LIEUT. Q. M. STONEY. 

The following temperatures and notes were taken by Stoney** on upper Kowak 
River, principally at Fort Cosmos, about 120 miles from the coast, in approximate 
latitude 66^ 68', longitude 157° 28'. As they are continuous throughout a year, 
they cover a more extended period of time than any other data yet made in the 
interior of this northern country, and are regarded as one of our most important and 
reliable records concerning it. 

Temperatures on Kowak (Putnam) Biver. 
July, 1885: 

Lowest temperature daring month 82® F. 

Highest temperature during month 70 

Mean tem perature du ring month 49 

August, 1885: 

Lowest temperature during month 32** F. 

Highest temperature during month 68 

Mean temperature during month 47 

astoney, Lieut George M., Naval Explorations in Alaska, U. S. Naval Institute, Annapolis, Md., 1900, pp. lOi-106. 
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l>/v«0t usDf«xatiir« dorizir mootb S" F 

HigtiHit ICBapegtartr donng luantL W 

J&euD tfaupersuirfr dori^f moiith W 

IjrrtFem. tBi »fifritiii» dariag month , — 4* F. 

Higrl^eBt t«n;{«(irstare dorx^r mootli 46 

M^azi tosiApfxiCoRr dajing moDth 16 

l>/v««l Uaopentore dnrioir nMnth — M" F. 

HildMM Usmpentai^ dfsrin^ BMoih 15 

McBs tempcfstepr dorifiif mcintfa — 9.5 

lx/v«0t tempentori; dtniiif sMOXb — <5® F. 

H%ii«Bl tCflDpentDf« danng moath 9 

liaui tempermtare doriiir iiMMith — li.4 

JjUKiarr, Ifm: 

l>cnr€at l c B i|>rrmlure during momb — TIP F. 

Hicboit tempentoRr doriiiqf BKMitb 31 

M«aD tempentanr dariDf mooth —11.5 

lxnr«0t tOBipefmtare dariDf mooth — <5** F. 

H%hw< temperatore daring inopth 36 

M«sn tempetxtare during month —22.5 

Marcii^ 1885: 

Ixywcflt tempentore daring mooth -38* F. 

Highest tempentare during mooth 36 

Mean tempenSme daring month — 3.8 

April, 1885: 

Lovfflt tempentore doriiig month .—22** F. 

Highest tempermtare daring month 4{» 

liun tempeatore doriiig month 13 

liar, 1^^: 

Ixnreat tempefatare daring month W F. 

Highest tempetatnre daring month 65 

Mean tempefatnre daring month 35 

Jane, 1886: 

Ixnrest tempetatore during month 32* F. 

Highest temperatore daring month 74 

Mean temperatore daring month 48 

"*' NoU. — During the month of December, 1885, in one boor the temperatxire rose 
29^ F.. barometer remaining quite steady. This sudden rise in temperature was 
closely followed by a terriUe gale of wind. The thermometer, not the barometer, 
indicates an approaching gale. It is dead calm when the thermometer stands low, 
and during the gales the temperature always goes above zero. The ukh^ sudden the 
rise of thermometer the harder the wind blows and the more quickly it hatds. One 
should watch the thermometer closely and get under shelter if a gale is comii^; for 
neither man nor dog can stand these gales. You must be under shelter. Have 
seen it snowing — that is a fine snow falling — when there was not a doud in the sky 
and very light wind. It is advanced by some that there was a higher wind that 
carried the snow from the mountain peak. 

« M etn tempenunn; Febmazy 1 to 20 — S3° F. 



CLIMATIC CONDITIONS. 
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" When the thermometer is minus, it is denoted ( — ). 

"The temperatures during the months of July and August were taken partly at 
Fort Cosmos and while at work on the river. The others were taken at Fort Cosmos 
and an accurate temperature taken every hour by spirit thermometers remaining out- 
side. These were the best (registered) spirit thermometers, made specially for 
the Government for arctic observation. 

"A person can't be too much impressed with the importance of watching the ther- 
mometer. I would recommend that the spirit thermometer have the liquid colored, 
as the white liquid is hard to read. The thermometer should also be protected by 
a wooden case, leaving only the bulb exposed, and even that should be screened. My 
observations were the mean of three excellent spirit thermometers." 

TEMPERATURES IN 1901. 

Following are lists of temperatures encountered by the party. The record 
was kept by Gaston Philip. As the primary objects of the expedition could be 
obtained only by making daily moves, which were necessarily made at irregular 
hours during the twenty-four, these notes are not so complete as might be desired, 
but they will serve to give a fair idea of the general conditions that prevailed. 

Temperatures on Da%mon trail at 8 a. w., February to May^ 1901. 



Date. 



Feb. 



Mar. 



Deg. F. 



19 

20 I 

21 
22 ! 

23 ; 

24 I 

25l 

26 

27 

28 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 



-55 

-40 

-25 

-32 

-22 

-23 

-28 

-14 

-10 

-10 





-45 

-10 

-10 



8 

16 

16 

16 

-12 





State of atmosphere. 



Locality. 



Calm 1 White Horee. 



do.... 

do.... 

do.... 

do.... 

do .... 

do.... 

do.... 

do.... 

Calm 

do .... 

High wind. 



Do. 

Do. 
Lake Laberge. 

Do. 

Do. 
On cut-off from Lake Laberge to Five Fingers. 

Do. 
Five Fingers. 
Below Five Fingers. 
Near Fort Selkirk. 
Fort Selkirk. 

Do. 
30 miles below Fort Selkirk. 
50 miles below Fort Selkirk. 
Stewart River. 
Near Dawson. 
Dawson. 

Do. 

Do. 
Near Fortymile. 
Fortymile. 
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BECOKNAI88ANCE IX NOBTHSBN ALASKA IK 1901. 
Temperatures on Dawson trail aiS a, m., February to May, 1901 — Contiimed. 



Date. 


Af».F. 


Stiile of «lBMJvliaiVL 


LoesUtar. 


Mar. 13 


13 

-23 

-22 

10 

^10 




X^r Etgte Citj. 
Month of Washington Ci^ek* 
Do. 


17 




18 




19 
20 


Bnow^omi 


ChArlia River. 
Do. 


21 


- 8 

- 4 
2 

fi 


-20 

8 
2 
2 




Ciitsle* 


22 
23 




Near Circle. 
Near Fort Yukon. 


24 

25 
23 




Do. 

Fort Yukon, 

Do, 


27 
28 
29 
80 
SI 


High wind 


Month of Chandlar Eiver . 
On Chandlw Biver. 

Do. 

Do, 

Do- 


Apr. 1 
2 


24 

a 
a 

3 

4 

14 

Id 
8 

4 

e 

4 

4 

8 

3 

4 

10 

8 

2 

18 

16 

14 

12 

22 

16 

IS 




Do. 




Do- 


3 




Do. 


4 




Do, 


5 
6 


High wimh. 


Do. 
DoL 


7 




Do. 


8 




Do. 


9 




Do. 


10 




Do. 


11 
12 




Divide between Chandlmr and Sonth Fofk, Kojnknk River. 
f >n Sooth Fork, Koyuknk EiTer. •- 


13 




Slate Creek. 


14 
24 




Koyuknk River near RetUee. 
John River. 


25 




Do. 


2& 
27 

28 




Do, 
Bo. 
Do. 


29 




Bo, 


^ 




Do. 


May 1 
2 




Do. 




Do. 


3 




Do. 


4 




Buttles. 



^ 



CLIMATIC CONDITIONS. 
TBWiperatures on Dawson trail at 8 a, m., February to May, 1901 — Continaed. 
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Date. 


Deg. F. 


State of atmosphere. 


Locality. 


May 5 
6 


20 
22 
24 
27 
12 




Bei^gman. 
Do. 




7 




Do. 


8 




Do. 


9 




Do. 









Temperature at morning , noon, and evening at localities between Bergman and Arctic coast. 



p... 


a. m. 
I)cg. F. 


Noon. 




Deg. F, 


May 1 


19 


33 


2 


14 


44 


9 


19 


33 


10 


14 


44 


11 


14 


34 


12 


34 


35 


13 


33 


36 


14 


35 


38 


15 


35 





16 


30 




17 


31 


40 


18 


28 




19 


35 


39 


20 


43 


56 


21 


48 


44 


22 


37 


45 


23 


37 


45 


24 


40 


45 


25 


49 


51 


26 


44 


46 


27 


46 


52 


28 


43 


49 


29 


50 


48 


30 


32 


43 


31 


41 


42 


Jane 1 


36 


39 


2 


42 


45 


3 


51 


52 


4 


53 


57 


5 


58 


50 


6 


38 


44 



p. m. 



Deg, F. 
26 



26 
24 
24 
25 
31 
31 
36 
31 
26 
38 
42 



40 
41 
38 
43 
46 
42 
40 
43 
38 
33 
41 



42 
51 
54 
45 
37 



Atmosphere. 



Rain, 0.02 inch; light wind north .. 



Fair 

do 

....do 

do 

Rain 

Snow for 36 hours 

Snow; precipitation to date, 0.67.. 



Rain. 



Locality. 



Win<i southwest, cloudy; rain, 0.03. 
Snow 



Bergman. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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Temperature at morning, noon, and evening at loealUies between Bergman and Arctic coaM. — Continaed. 



Date. 


a. m. 


Noon. 


p. m. 


Atmosphere. 


LocaUty. 


June 7 


Deg.F. 

a5 

55 
42 
51 
60 
67 
57 
62 
63 
61 
56 
56 
56 
48 
42 
48 
58 
51 
58 
56 


Deg.F. 
45 

67 
68 

52 
68 
71 

60 


Deg.F. 

40 
62 
55 
63 
52 
60 
64 
64 
60 
58 
55 
49 
48 
52 
62 
62 
54 

55 


Snow 


Beigman. 
Do. 


13« 


Fair 


14 


do 


John River. 


15 


do 


Do. 


16 


Fair, light wind southwest 


Do. 


17 
18 


Rain 6. p. m. to 8 p. m., 0.01 

Cloudy 


Do. 
Do. 


19 


Fair 


Do. 


20 


do 


Do. 


21 


Cloudy 


Do. 


22 


Fair 


Do. 


23 


do 


Do. 


24 


Fftir; min, Oft, , . 


Do. 


25 


Rain, 0.26 


Do. 


26 


Rain, 0.20; wind south 


Do. 


27 


Fair 


Do. 


28 
29 


Fair; temperature (water) 52*» 

Rain, 0.02 


Do. 
Do. 


30 


Fai r 


Do. 


July 1 
2 


do 


Do. 


Rain, 0.04 


Do. 


3 


57 
50 
50 
60 
60 
64 
57 
50 
47 
53 
44 
44 
5 




57 
44 
57 
65 
54 
64 
52 
49 
49 
55 
42 
51 


Light snow 


Do. 


4 


Rain, 0.08 


Do. 


5 


Fair, wind northwest. ............ 


Do. 


6 


Fair 


Do. 


7 


do 


Do. 


8 


do 


Do. 


9 


Drizzling rain 


Do. 


10 


do 


Do. 


11 




Do. 


12 




Do. 


14 
15 


Rain, 0.20; strong wind north 

Fair, light wind north 


Do. 
Do. 


16 




Do. 


18 




61 
63 


Fair, cloudy, wind south 


Do. 


19 








Do. 


20 


62 
68 
72 
68 




Fair 


Do. 


21 


80 
74 


70 
72 
60 


do 


Koyukuk-Colville divide. 
Do. 


22 


do 


23 


do 


Do. 



a Most of the dates that follow 
'which the respective observatioiu 



appear on the accompanying maps, PIb. II and III, and designate the localities at or near 
were made. 
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CLIMATIC CONDITIONS. ' 129 

Temperature at moming, noon, and evening at localities hctween Bergman and Arctic coast — Continui'd. 



Date. 



Aug. 



July 24 
2o 
26 
27 
28 
29 
30 
31 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
1 



a. m. i Noon. p. m. 



Sept. 



Deg.F. 
76 
68 
66 
62 
54 
34 
41 
44 
55 
62 
44 
52 
54 
60 
60 
44 
46 
43 



Deg.F. 

85 



36 



74 
69 
67 
63 
65 
58 
52 
50 
48 



48 52 

43 52 
48 55 
40 45 
38 42 
38 42 
38 40 

38 38 
52 44 

44 46 

39 50 
38 42 
42 42 
42 39 
37 38 
36 36 
32 33 
32 32 

31 34 

32 32 

33 33 
32 32 

189~No. 20—04 



Deg.F. 
80 
83 
60 
52 
50 
36 
50 



64 
69 
64 
62 
58 
60 
64 
48 
44 
47 

42 
60 
51 
52 
40 
42 
43 
38 
42 
44 
52 
40 
42 
39 
36 
33 
32 
32 
32 
32 
32 
32 



Atmo.«iphere. 



Locality. 



Light BhowerH 

Cloudy 

Fair 

Rain, 0.20.... 
Rain, 0.17.... 

Rain, 0.27 

Rain, 0.05 .... 

Fair 

do 

Fair, hazy 

Fair, nnioky . . 

do 

Fair 



CHoudy 

Rain 0.04 

River temperature 52° 

Cloudy, drizzling rain; river tem- 
perature 50°. 

Cloudy 

do 

....do 

Light flhowera 

Cloudy, sleet and rain; wind south. 
Fair 



Cloudy, snow 
Fair 



Fair. 



Cloudy, w^ind east 

Cloudy, rainy, strong wind east 

Snow8i|uall8, all day strong wind east 

Snow squalls, strong wind 

Strong wind east 

Cloudy, wind east 



Cloudy, snow .s<]ualls . 

Wind northeast . , 

-0 



Anaktuvuk River. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Col vi lie River. 

Do. 

Do. 

Do. 
Colville River delta. 

Do. 

Do. 

Do. 
Harrison Bay. 

Do. 

Do. 

Do. 
Near Cai)e Halkett. 
Pitt Point. 
Smith Bay. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 
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Temperature at morninfjj nfxm^ and evening at localUieH Ipettceen Bergman and Arctic coast — Continaed. 



Date. 


a. m. 

Deg.F. 
31 

:i5 

36 
36 
37 
34 
35 

3:^ 

30 
32 
33 
32 
35 
38 
36 
31 
36 


Noon. 
Dcg. F. 

35 
36 
36 

a5 

34 


p. m. 

Drg.F. 
35 
35 

:i6 
:^ 

32 
34 
35 
31 
30 
33 
33 
32 
38 
38 

:^ 

30 


Atmosphere. 


Locality. 


Sept. 2 
3 

4 


Snow H(|iiallH 

Clear 

do 


Sinclair River. 
Off Dease Inlet 
Cape Smyth. 
Near Refuge Inlet 
Do. 


5 


do 


6 


do 


7 


do 


Do. 


8 


do 


Peard Bay. 

Off Belcher Point 


9 


do 


10 


do 


Off Wainwright Inlet 
Near Wainwright Inlet 
Do. 


11 


do 


12 


do 


13 


do 


Off Icy Cape. 
Off Point Lay. 
Near Capt^ Beaufort 
Do. 


14 


do 


15 


do 


16 




17 


• 


Capi* Beaufort. 
Off Cape Sabine. 


18 













The minimum temperatures recorded for the Koyukuk district at Coldfoot are 
reported to be —80^ and even lower, but the instruments on which these records are 
based are not known. It is hardly to be supposed, however, that it l>ecomes much 
colder here than at Circle, Dawson, and other points on the Yukon. Though grass 
and other feed was scarce, a horse is reported to have wintered at large on North 
Fork of the Koyukuk, on Mascot Creek, in 1902-3, and appeared to be in fair 
condition in the spring. 

ARCTIC PI.ANT8 COIiliECTED. 

The following plants, collected on the trip mostly by G. H. Hartman, have been 
identified, with the exception of the grasses, by Frederick V. Coville and W. F. 
Wight, botanists of the U. S. Department of Agriculture. The grasses were identi- 
fied by Mr. Elmer D. Merrill. The locjilities of collections are designated by camp 
dates, which latter will be found on the topographic and geologic maps (Pis. II and 

III). 

Equisetace.b. (Horsetail family.) 
Equisetum arvense L. 
At camp, August 12. 
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PoACBJK. ( Grass family. ) 

ArdagroOis latifolia (R. Br.) Griseb. 

Point Barrow, September 4. 
Poa ardica R. Br. 

At camp, August 12. 
Bromiis ardicus Shear. 

At camp, Au^:ust 6. 
Elymus innovaius Beal. 

Cape Smyth, September 5. 

MELANTHACKiE. (BuDch-flower family.) 
Zygadenus eUgans Pursh. 
At camp, August 5. 

SALiCACEiE. (Willow family.) 
Salix. 

Cape Smyth, September 5. 
Salix. 

Point Barrow, September 4. 
Scdix. 

At camp, August 12. 
Salix. 

At camp, August 5. 
Salix. 

At camp, John River, altitude 1,800 feet, June 20-21. 
Salix alaxensis (Anders.) Coville. 

John River, June 24; John River Valley flats, July 8; at camp, John River, July 10; at 
camp, August 5; at camp, August 6; at camp, August 12. 
Salix arbu^cuhides Anders. 

At camp, John River, June 28; John River, 1,000 feet above valley, July 8; at camp, John 
River, July 10; at camp, August 6. 
Salix glauca L. 

John River, 1,000 feet above valley, July 8; at camp, Arctic slope, July 21; at t^amp, 
August 6; at camp, August 12. 
Salix niphoddda Rydb. (apparently). 

At camp, John River, July 10; at camp, Anaktuvuk River, August 5. 
Salix ovalifolia Trautv. 

At camp, Colville delta, August 14. 
Salix pidchra Cham. 

John River, June 24; John River, 1,000 feet above valley, July 8. 
Salix richardsoni Hook. 

At camp. East Fork of John River, July 16-17. 

Betulacbjk. (Birch family.) 
Bdula, 

At camp, Arctic slope, July 21. 
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Polygon ACE^ (Smartweed family.) 

Polygonum plumosum Small. 

At camp, July 21; at camp, August 12. 
Polygonum viviparum L. 

At camp, August 12. 

SiLENACK£. ( Pink family. ) 

Alsine longipes (Goldie) Colville. 

At camp, Colville delta, August 14. 
Arenaria laricifolia L. 

At camp, John River, July 10. 
Ammodenia. 

Cape Smyth, September 6. 

RANUNCULACE.B. ( Buttcrcup family. ) 
Anemone, 

At camp, Arctic slope, July 21. 
Anemone. 

Low ground near John River, June 15. 
Annnone richurdmni Hook. 

Low ground near John River, June 15. 

Papaveraceje. (Poppy family.) 
Papaver radicatum Rottb. 
At camp, August 12. 

Brassic ACEiE. ( Mustard f am ily . ) 
Cochlearia. 

Cape Smyth, September 5. 
Eutrema edvxirdni R. Br. 

At camp, Colville delta, August 14. 

SAXIFRAGACE.E. (Saxifrage family.) 
Scunfragn hircidus L. 

At camp, Colville delta, August 14. 
Sajnfraga opponiiifolia L. 

At camp, John River, June 26 and 28. 
Saxifraga triciuqmlnia Retz. 

At camp, John River, July 10. 
Paniassia p(dustri8 L. 

At camp, Anaktuvuk River, August 5. 

Rosacea (Rose family.) 
PotentiUa fruticoHa L. 

At camp, John River, July 10. 
PotentiUa villosa Pall. 

At camp, John River, July 10. 
DnjiiH integrifolia Vahl. 

At camp, John River, June 26. 
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FABACEiE. ( Bean family. ) 



Lupinus. 

At camp, John River, June 28. 
AstragcUus. 

At camp, August 6. 
Astrcigalus. 

John River, June 28. 
Agtragalus. 

At camp, John River, June 28. 
Astragalus alpinus L. 

At camp, August 6. 
AragaJhis. 

At camp, John River, June 28. 
AragaUm. 

At camp, July 21. 
Aragallus. 

John River, June 28. 

ELiEAGNACEiE. ( Oleaster family . ) 

Lepargyrea canadensis (L. ) Greene. 
At camp, John River, June 28. 

ONAGRACEiB. (Evening primroee family.) 

Chamaenerion laHfolium (L.) Sweet 
At camp, August 5. 

ApiACEJE. (Celery family.) 
Bupleurum americanum Coult. and Rose. 
At camp, August 6. 

Pyrolace^. (Wintergreen family.) 
Pyrola rotundifolia L. 

At camp, John River, June 28. 

Ericacks. (Heather family.) 
Ledum decumbens (Ait.) Lodd. 

At camp, Arctic drainage, July 21. 
Rhododendron lapponicum (L. ) Wahl. 

At camp, John River, June 28. 
Cassiope tetragona ( L. ) D. Don. 

At camp, John River, altitude 1,800 feet, on north slope, June 20. 
Andromeda polifolia L. 

At camp, John River, altitude 1,800 feet, on north slope, June 20. 
Ardous alpina ( L. ) Niedenzu. 

At camp, August 12. 

PRiMULACEiB. (Prlmrose family.) 
Androsace, 

At camp, John River, June 28. 
Androsace, 

At camp, John River, July 10. 
Dodecatheon frigidum Cham. & Schlecht. Shooting star. 
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ScBOPHULARiAC&fi. (Figwort family.) 
Pedicularis, 

At camp, Jaly 21. 
PediculariM verticillata L. 

At camp, Anaktnvuk River, August 5. 

CiCHORiACRiB. (Chicory family.) 
Taraxacum, 

At camp, Colville delta, August 14. 
Orepis nana Richanie. 

At camp, August 6. 

AflTERACRJL (Aster family.) 
Solidago muliiradiata Ait. 

At camp, Anaktuvuk River, August 5. 
AtUr. 

At camp, Amiktuvuk River, August 5. 
Atfterjibiricus L. 

At camp, August 12. 
Erigeron. 

At camp, John River, July 10. 
Tanacetum, 

At camp, August 12. 
ArUmisia. 

At camp, John River, July 10. 
Artemma norvegica Fries. 

At camp, August 6. 
Artemima tile»ii I^edeb. 

At camp, August 12. 
PeUuUes, 

At camp, August 12. 
Arnica, 

At camp, John River, July 12. 
Arnica, 

At camp, August 12. 
Arnica, 

At camp, Arctic slope, July 21. 
Arnica lemnffii (Torr. and Gr.) Greena 

At camp, Anaktuvuk River, August 5. 
$Senecio, 

Point Barrow, September 4. 
Senfcio lagem Richards. 

At camp, August 6. 
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Abbe, Cleveland, jr., aid by 115 
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ontline map of 11 

Alaska Commercial Company, acknowledgments to. . . 13 

Alatna River, gold-bearing ore on 102-104 

name of. note on 20 

reconnaissance up 20 

Allen. H. T., cited on Endicott Mountiiina 40 

exploration by 29 

Allen River, name of. note on 20 

Sec Alatna River. 

Amphibole-schist. .Sec Totsen series. 

Anaktuvuk Pass, glacial deposits near 86 

glacial lakes at 86 

section west of, figure showing 61 

view near 66 

Anaktuvuk Plateau, extent and character of 46-46 

view showing 42 

Anaktuvuk River, Anaktuvuk series on, plate show- 
ing 70 

coal from, analysis of.'. 114 

coal on, occurrence of 107 

Col ville series on 82 

distances along, table showing 87 
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Lisbume formation near 63 
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Recent deposits along 94 
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An;tic coast, barrier reef and Eskimo grave near, plate 

showing 96 
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fossils from 96 
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view of 50 
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Arctic Ocean, depth of 49 
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drainage of 46-48 

extent and character of 45-46 

Area discussed, climatic conditions in 114-130 

geography of 88-60 

geologic history of 52-55 

geologic map of 40 

geology of 50-97 

location and general features of 38-39 

mineral resources of 98-114 

plants collected in 130-134 

topographic map of 88 

Arkose. See Anaktuvuk series; Koyukuk series. 
Barometer. See Climatic conditions. 

Barrier reef on Arctic coast, plate showing 96 

Barrow, Point, coast between Cape Lisbume and, char- 
acter of 49-60 

coast between Colville River and, character of . . . 48-49 

Recent deposits between Colville River and 95 

between Cape Lisbume and 96 
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topographic features at 49 

trip from Bettlesto, account of 21-24 

Beaufort, Cape, coal at, occurrence of 110-11 1 

coal from, analysis of 114 

rocrks exposed at , 73 

topographic featuresnear 50 

Beechey, F. W., exploration by 26 

Bell, J., exploration by 27 

Bennett, Ben, work of 11 

Bergman, glacial deposits near 90 

meteorologic observations between Arctic coast 

and 127-130 

Bergman series, age of 78-79 

character and occurrence of 77-78 
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stone 67 
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Busby, E.S., acknowledgments to 18 
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coal from, analysisof 114 

coal on, occurrence of 107-109 
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between Cape Smyth and 38 \ 

fossil locality on, view of 84 
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Recent deposits along W-95 
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Colville series, character and occurrence of 81 

coal in 107-109 

correlation of 97 , 

fossil locality on, view of 84 j 

fossils from, list of 83 | 

river bluffs in, view of 48 i 

structureof 82 I 

plate showing 82 ' 

Conglomerate, ike Bergman, Fickett, Stuver ieeries. 

Contact Creek. Lisbumc formation near 63,64 

moraine in valley of 85 

Cook, James, exploration by ', 25 

CopjK?r, occurrence of 104 

Correlation of Anaktuvuk series 76,97 

of Connin series 74,97 

of Fickett series 71-72,97 

of formations, table showing 97 

of Lisbume formation 65-67,97 

of Nanushuk series 80-81,97 

of Skajit formation 68,97 

of Stuver series 62,97 

of Totsen series w 59-60,97 

Corwin series, Hge of 74 I 
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Corwin mines, coal at. occurrence 112-113 

coal from, analyses of -. 114 

coal bed and rocks at 82 

Cosmos. Fort, temperature at 123-124 

Colter, R. D., and Dyer, J. T., exploration by 28 

Coville, F. v., plants identified by 130-134 

Cretaceous rocks, des<ription of 74-81 

Dall. W. H., exploration by 28 

fonrils identified by 96,83 

quoted on ground ice 91-92 

reference to 71 

work of 14 

Dawson. (J. M.. cited on age of Yukon Plateau 43 

Dawson trail. met<"Orologic observations on 125-127 

Dease and Simrw«on, exploration by 26 

reference to 47. 49 

Delta at mouth of Colville River, description of 47-18 

Devonian nx^ks. description of 62-€7 

Dik(«on John River 53-54 

Distance, tableof 37 

Dog sledding, description of 14-15 

Double Mountain, till terraceson. 90 

Drainage of Arctic slope province 46-48 

of Endicott Plateau . 4S 

of Koyukuk province 45 

Domars, H. D., fossils collected by 66,71,74,114 

Dyer, Cape, rocks exposed at 67 

Dyer, J. T.. and Cotter, R. D.. exploration by 28 

Eagle Bluff and Ironside Bench, gold at, production of 102 

Edge, Joe. work ot. 12 

Eldridge, G. H., cited on Cantwell conglomerate 76 

Emma Creek, gold on. production of 102 

Endicott Mountains. Anaktuvuk series near 74-75 

ancient plateau of. featunfsof 42-43 

Fickett stories in 68 

general features of 40-11 

glaciation in. plates showing 58, 70, 84. 86 

Lisbume limestone and Fickett series in, plate 

showing 42 

Skajit formation in 56,57 

plate showing 56 

Stuver series in 60,61 

views of 42,46,50,56,70,84,86 

Endicott Plateau, drainageof 43 

features of 42-48 

profile showing Yukon and Koyukuk plateaus and 44 

view of 46 

Ericson. acknowledgments to 14 

Eskimo grave on Arctic coast, plate showing 96 

Explorations, account of 25-33 

Fickett series, age of 70-71 

character and occurrence of 67-69 

correlation of 71-72,97 

fossils from, list of 70 

metalliferous mineralization in, zones of 106 

moraine on. plate showing 86 

quartz stringers in. view of 76 

structureof 69-70 

>iewof 42,70 

Flats on Colville River, extent and character of 47 

Fontaine, W. M., fossils identified by ^ 74 

work of 14 

Fork Peak, till at 84 

Formations, tableof 53 

Fort. Sec next word of name. 

Fossils from Arcticcoast •. 96 

from Cape Lisbume region W 

from Chandlur River gravels 66 
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Fossila from ColviUe series 88 

from Fickett series 70 

from Lisburne formation 66 

from Nanashuk series 80 

from Wainwright Inlet 74 

from Yukon Basin 81 

Franklin, Sir John, exploration by 26 

Ge<^raphy of region, diHcussion of 38-60 

Geology of region, discussion of 50-97 

Gerdinc, T. G.. reference to 38 

work of 11 

Girty, G. H., fossils identified by 66 

work of 14 

Glacial deposits, description of 84-91 

Glacial lakes, occurrenceof 86 

Glaciatlon. description of 84-91 

in upper John River Valley, plate showing 84 

Gold in Koyukuk Basin, Hammond Creek 100 

John River 100-101 

Mascot Creek 100 

MyrUeCreek 99 

North Fork 100 

Slate Creek 99 

Tramway Bar 100 

occurrence of 98-104 

manner of 101 

production of 102 

Gold Bench, gold at, production of 102 

Gold Creek, antimony on 105 

gold on, production of 102 

Greenstone. See Totsen series. 
Grit. See Fickett series. 

Ground ice, occurrenceof 91-92 

Gabik sand, occurrence of 93 

Halkett, Cape, ground ice at 92 

view of 66 

Hammond Creek, gold on 102 

nuggets from, size of 101-102 

Hartman, G. H., plants collected by 180-134 

work of 11 

Healey, M. A., work of 28 

Heame, Samuel, exploration by 26 

Hokotena River, lead on l06 

Holy Cross, meteorologic observations at 121 

Hope Point, description of 61 

native population at 86 

Howard, W. C, exploration by 29 

quoted on coal from Colville River 109 

re f e rence to 67 

work of 11 

Howard and Reed, reference to 72 

Hunt, T. M., work of 11 

Ice, breaking up of 15-16 

Icy Cape, barrier reef and Kskimo grave near 96 

Igneous rocks, table of 63 

Inhabitants, number and conditions of 33-34, 85-36 

Ironside Bench and Eagle Bluff, gold at, production of. 102 

John River, coal on 107 

dikes on 53-54 

distances on, table showing 37 

Fickett series on, plate showing 70 

glacial deposits on 89 

nameof. noteon 17 

reconnaissance up 20-21 

Skajit limestone on, views of 50, 56 

till along 84-85 

Totsen series on 58,59 

views on 50,56 
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John River Valley, glaciation in, plate showing 84 

glacier in, remnant of 86 

remnant of. plateshowing 86 

gold in 100-101 

moraine in 86 

plateshowing 86 

topographic featuresof 48 

views of 46 

Kennicott, Robert, cited on Devonian fossils from 

Lower Ramparts 66 

exploration by 28 

Ketch um and Laberge, exploration by 28 

Koog River, coal on 110 

Kotzebue, O. von, exploration by 26 

Kowak clay, occurrence of 92-93 

Kowak River, temperature on 123-124 

Koyukuk district, coal in 107 

copper in 104 

gold in, occurrence of 98-104 

production of 102 

Koynkuk Plateau, profileshowing Endicott and Yukon 

plateaus and 44 

relation to Endicott Plateau 42 

Koyukuk province, drainage of 45 

general features of 44-45 

Koyukuk River, coal from, analysis of 114 

coal on, occurrence of 107 

ice on, breaking up of 16-16 

. meteorologic observations along 1 18-121 

placerson 86 

population along 33-34 

travelalong, meansof 84 

Koyukuk series, character, occurrence, structure, and 

age of 77 

Laberge and Ketchum, exploration by 28 

Lagoons, occurrenceof 50 

Lead, occurrenceof 105 

Lewis, Cape, limestone at 67 

Limestone. See Corwin series; Fickett series; Lis- 
burne formation; Nanushuk scries; Koyu- 
kuk series; Skajit formation. 

Lisburne, Cape, coal from, analysis of 114 

coal south of 113-114 

coast between Point Barrow and, character of 49-50 

Recent deposits between Point Barrow and 96 

section souMi of, figure showing 40 

See aUo Cape Lisburne region. 

Lisburne formation, age of 64-<i5 

character and occurrenceof 62-64 

correlation of 65-67,97 

distribution of , 67 
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